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PREFACE. 



By Alfred H. Brooks. 



Even during the Russian occupation of Alaska the journeys of 
traders and a few explorers had determined the position of the larger 
geographic features of the southern part of the region described in 
this volume. Since then this knowledge has been augmented by two 
expeditions organized for exploration and by the journeys of traders 
and prospectors. In this way a general knowledge of the relief and 
drainage of the province was obtained as well as some idea of its 
mineral resources. Previous to 1909, however, when the surveys 
whose results are here presented were made, accurate maps and 
knowledge of the geology and the distribution and occurrence of the 
mineral resources of the Iliamna region, except for the shores of 
Cook Inlet, were almost entirely lacking. 

The Geological Survey's general plan for the investigation of the 
mineral resources of Alaska provides for reconnaissance geologic 
and topographic surveys of the Territory. Naturally the areas of 
proved economic importance have been taken up first, and this 
accounts for the long delay in surveying the Iliamna region, in which 
there has been no mineral production. Copper and gold lode pros- 
pects have been found within the district, some of which may prove 
to have commercial value. Relatively little work has been done on 
these prospects, so that it is not possible to give a definite opinion of 
the commercial importance of any of them. 

The report is based on about four months of field work. During 
this time the two topographers of the party mapped 5,150 square 
miles, including the area of the lakes, and the two geologists 3,000 
square miles. The topographic work is accurate to the scale, and 
much of the geologic mapping was done to a greater degree of refine- 
ment than has usually been possible in rapid reconnaissance surveys. 
Surveys made in 1903 and 1904 along the west shore of Cook Inlet 
were utilized to extend the mapped area to the east. 

The matter presented in this volume is of importance not only 
because it describes a field new to the geologist, but also because it 
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10 PREFACE. 

contributes many facts that will help elucidate the stratigraphy and 
structure of adjacent fields. The considerable detail in which the 
Mesozoic sequence has been determined is worthy of special note. 
Of importance to the miner are the facts set forth that the copper 
lodes occur in metamorphic limestones near the contacts of intrusive 
rocks and that the auriferous quartz veins thus far discovered occur 
either in greenstones or in granites. 

This report covers an area lying between the Moimt McKinley 
r^on on the north, which has already been described/ and the 
Alaska Peninsula, the general features of the geology and mineral 
resources of which have been smnmarized.* Some progress has been 
made in this volume in correlating the geology of these two regions, 
btit much remains to be done before definite statements can be made 
concerning the stratigraphic equivalency of their geologic forma- 
tions. There still remains a large area lying between Lake Clark on 
the south and the Rainy Pass region of the Alaska Range on the 
north which is almost entirely xmexplored and which should, there- 
fore, be surveyed. 

Of possibly greater commercial importance would be a survey of 
the basin of Mulchatna River, lying west of the area here discussed. 
Auriferous gravels have been found within this basin, some of which 
are reported to carry sufficient gold to warrant exploitation, and 
a survey of this field will be undertaken as soon as circumstances 
permit. 

^ Brooks, A. H., The Moont McKinley re^on, Alaska : Prof. Paper U. S. OeoL Snryey 
No. 70, 1911. 

>Atwood, W. W., Geology and mineral resoorcea of parts of the Alaska PeninsiUa: 
BolL U. S. Geol. Survey No. 467. 1911. 
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A GEOLOGIC RECONNAISSANCE OF THE ILIAMNA 
REGION, ALASKA. 



By G. C- Maktin and F. J. Katz. 



INTRODUCTION. 

LOCATION. 

The region described in this report covers an area of about 5,180 
square miles. It is situated, as is shown on figure 1 (p. 12), in 
southwestern Alaska, west of the southern half of Cook Inlet and 
north of the Alaska Peninsula. It comprises the greater part of the 
drainage basins of Kvichak River, which is the outlet of Hiamna and 
Clark lakes flowing into Bristol Bay, and of the streams flowing 
into Cook Inlet from the west, south of and including Tuxedni Bay. 
The extreme limits of this area are bounded by parallels 59° and 
60° SO' N. and meridians 152° 30' and 157° W. The nearest large 
town is Seward, which is about 150 miles to the east. 

GEOGRAPHIG FEATXTBBS. 
TOPOGRAPHY. 

Most of the northeastern part of this region lies within the Chig- 
mit Mountains and consists of high, rugged mountain masses and 
narrow intervening valleys. The general elevation of these moun- 
tains is from 4,000 to 6,000 feet, although many peaks near the north 
end of Lake Clark are 7,000 feet high and the highest peak of the 
whole district is Mount Iliamna, which is about 10,000 feet high. (See 
H. Vm, A, p. 86.) 

At niamna Bay the mountains extend eastward to the waters of 
Cook Inlet Both north and south of this point a belt of foothills and 
lowlands, from 2 to 10 miles in width, reaches from the edge of the 
high mountains to the shore of the inlet. Much of the coast is deeply 
embayed, Tuxedni Bay, Iniskin Bay, and Iliamna Bay extending into 
the high mountains, and the other bays having their heads in the foot- 
hill belt. Iliamna and Bruin * bays head at well-known low passes 

^Locally known as Bear Bay. 

11 
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RECONNAISSANCE OF lUAMNA REGION, ALASKA. 



through the mountains, and Tuxedni Bay and the southwest ann of 
Kamishak Bay are reported to have passable routes from them 




FiGrBE 1. — Outline map of Alaska, showing areas covered by the larger scale maps. 

through the mountains. The topographic features of such parts of 
the region as have been surveyed are shown on Plate I (in pocket). 
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GEOGRAPHIC /EATUKES. 13 

The western part of the region lies in the wide valleys of the lower 
ends of Iliamna and Clark lakes and consists of low gravel-covered 
flats with numerous isolated hills and groups of hills distributed ir- 
regularly through them. At the west' end of Iliamna Lake the val- 
ley opens out into the wide coastal plain of Bering Sea. A broad low 
pass at the head of Chulitna River leads into the Mulchatna Valley, 
which is a r^on of flats and low rounded hills. The general posi- 
tion of the Mulchatna region is shown on figure 20 (p. 131). 

LAKES. 

Iliamna Lake lies in the south-central part of the region. It is 
about 80 miles long and in general is from 8 to 20 miles wide, being 
the largest body of fresh water in Alaska. It is about 50 feet above 
tide, and drains through Kvichak River into Bristol Bay. Reported 
soundings indicate a depth, at the east end, of many himdred feet. 
Lake Clark, in the northern part of the region, is about 52 miles long 
and from 1 to 4 miles wide. It is about 220 feet above tide or 170 
feet above Iliamna Lake, to which it is tributary through Sixmile 
Lake and Newhalen River. The depth of Lake Clark "about 6 
miles east of Cape Shishkin and about half a mile from the south 
shore of the lake ^ (probably not far from Tanalian Point) was de- 
termined by Schanz^ to exceed 606 feet. Sixmile Lake is at prac- 
tically the same elevation as Lake Clark, from which it is separated 
by a short strait. It flows out through Newhalen River into Iliamna 
Lake. Kontrashibuna Lake, tributary to Lake Clark from the east 
through Tanalian River, is 14 miles long and half a mile to a mile 
wide and lies about 560 feet above tide. Upper and Lower Tazimina 
lakes, which are about 650 feet above tide, drain through Tazimina 
River into Sixmile Lake. Many other smaUer lakes lie on the vari- 
ous tributaries of Lake Clark. Meadow and Moose lakes lie about 
600 feet above tide, on the headwaters of the river which enters 
Iliamna Lake at the head of Intricate Bay. Kakhonak Lake, about 
260 feet above tide, and another unnamed lake above it, drain 
through Kakhonak River into Iliamna Lake at the head of Kakho- 
nak Bay. Hundreds of smaller lakes are distributed over the whole 
western part of the region. 

RIVERS. 

The largest stream of this region is Kvichak River, which flows 
from Iliamna Lake into Bristol Bay. Its length from the outlet of 
the lake to Koggiung is about 62 miles. In the upper 17 miles of its 
course it has an average current of probably 6 miles an hour and is 
much broken up by islands and bars into narrow, shallow channels. 

» Schanz, A. B.. Frank Leslie's 111. Mag., vol. 73, 1891, p. 224. 
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14 BECONNAISSANOE OF lUAMNA REGION, AT.ARRA, 

The greater part of its fall is in this part of its course. For the next 
13 miles it is somewhat less swift, probably rmming 3 or 4 miles an 
hour, and is confined in a single deep channeL The lower 32 miles 
of its course is tidal, the water being of considerable depth even at low 
tide. The river is navigated by cannery steamers for about 22 miles 
above Koggiung, and by launches and Columbia River boats (when 
favored by strong west winds) for its entire length. 

Newhalen River, the second stream of the area in size, is about half 
the volume of the Kvidiak and about 23 miles in length. For the 
upper 11 miles of its course it can be navigated by canoes and poling 
boats. Rapids and reported falls make even canoe navigation impos- 
sible for the lower 12 miles. These rapids are avoided by a 5-mile 
portage. 

The other large streams of the region are Pile, Iliamna, Kakhonak, 
Chekok, and other unnamed rivers tributary to Iliamna Lake; and 
Chulitna, Tlikakila, Chokotonk, and Tanalian rivers, and other 
streams tributary to Lake Clark. (See PI. III.) Tazimina River, 
draining the lakes of the same name, enters Sixmile Lake just above 
its outlet Large unnamed rivers enter Cook Inlet from the region 
here under discussion at the head of Tuxedni Bay and at the head of 
the southwesternmost arm of Kamishak Bay. The streams reaching 
Cook Inlet between these are all small. 

Many of these streams may be used for water power whenever the 
development of the region creates a demand for it. One of the most 
promising water powers is on Tanalian River, which has a fall of 
60 feet in a single drop at the outlet of Kontrashibuna Lake (PI. 
Ill, B) and which descends about 340 feet in the 4^ miles between 
Kontrashibuna and Clark lakes. Tazimina River descends about 
430 feet in about 8 miles from the lip of the hanging valley contain- 
ing the Tazimina Lakes to Sixmile Lake, most of this fall being in 
a distance of 3 miles. Newhalen River descends nearly 170 feet in 
its lower rapids, which are distributed throughout a distance of about 
6 miles. Meadow Lake lies about 550 feet above Iliamna Lake, and 
the stream draining it, which is about 20 miles long, may have avail- 
able water power. Kakhonak Lake is about 210 feet above Ilianma j 
Lake, and its water descends in a distance of about 5 miles. These 
streams are all large, and their flow is regulated by natural storage 
in lakes. Many of the smaller streams could also doubtless be used 
if local Dower should ever be needed. 

GLACIERS. 

The existing glaciers of this region are neither numerous norl 
large. Only near Mounts Iliamna and Douglas, and outside of th^ 
area actually mapped, are there large unbroken areas above sngw lin0 
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A. ILIAMNA VILLAGE AND RIVER. 
Showing character of lowlands in valleys tributary to lliamna Lake. 



li. TANALIAN FALLS. 
Showing water power and character of timber on Clark Lake 
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CUMATB. 15 

which are competent to form the gathering grounds for extensive 
glaciers. 

There are 18 small glaciers in the headwaters of the drainage 
tributary to Kontrashibuna Lake, and four on the streams coming 
into Lake Clark near its head from the east. These glaciers lie at 
altitudes of 3,400 to 5,800 feet in the Kontrashibuna drainage, and 
2,000 to 6,000 feet at the head of Lake Clark. 

The snow fields around Mount Hiamna send out several valley 
glaciers of fair size. Three of these go to the south and are tributary 
to streams entering Chinitna Bay. They are known as East, Middle, 
and West glaciers. Another good-sized valley tongue goes out to 
the north and is tributary to the unnamed stream at the head of 
Tuxedni Bay. Several other glaciers of this type must flow west 
from these snow fields, but nothing is known of their position nor 
size. The abundance of glacial silt in the waters of Iliamna and 
Pile rivers and of all the larger streams east of Lake Clark is 
conclusive evidence of the existence of many glaciers in that region. 

The high country around Mount Douglas and the neighboring 
peaks at the north end of the Aleutian Range is a notable feeding 
ground for glaciers. Seven or eight large glaciers are known to radi- 
ate from these snow fields, several of which reach almost to tidewater. 

CLIMATE. 

The climate of this region has some features of both the coast and 
the interior climates of Alaska. The coast of Alaska is characterized 
by heavy precipitation and by mild winters and rather cool summers. 
The interior of the Territory has far less precipitation, the conditions 
verging in places on semiaridity, and has very cold winters and 
rather warm summers. 

This region has abundant precipitation, though not as much as the 
ocean coast. The early summer months are frequently favored with 
long intervals of clear weather. Similar conditions are said to exist 
also during part of the winter. It was noticed during the summer of 
1909 that cloudiness and precipitation were much greater in the high 
mountains at the upper ends of Iliamna and Clark lakes and in the 
Aleutian Range than in the broad valleys of the lower ends of the 
lakes. In the summers of 1903 and 1904, cloudiness and rain were 
far less at the head of Kamishak Bay than on the mountainous parts 
of the coast both north and south of that point. 

This region is also believed to have a colder winter and a warmer 
summer temperature than the open coast, in this respect also being 
intermediate between the coast and the interior. 
98153'— Bull. 485—12 2 
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The following fragmentary weather observations have been made 
within the area described : 

Temperature C F.) at MilleVs camp (north shore of Iliamna Lake) from 
Dec. i, wot, to May 31, 1908, 

[Records by O. B. Millet.] 





8 a. m. 






7 p. m. 






Maximum. 


Minimum. 


Mean. 


Maximum. 


Minimum. 


Mean. 


December.. . . ... . . 


38 
34 
28 
32 
40 
49 


-13 
-10 
-CO 
-20 
-13 
30 


9.9 
15.3 
-8.0 
U.l 
26.3 
40.7 


34 
36 
31 
34 
40 
65 


-10 
- 5 
-26 
-15 
3 
29 


11.3 
16.1 
-3.8 
14.8 
29.3 
41.6 


January 

February 

March 

^a?!;:::::::::::::::;:;;::::::::: 



Miscellaneous observations, 

December 31, 1905. — Ice began to form ou Iliamna Lake.* 

January 12, 1906. — Ice 16 or 18 inches thick on Iliamna Lake.* 

February 12, 1906.— Ice in Ilianma Bay.* 

March 16, 1906. — Ground began to become bare.* 

January 17, 1908. — Iliamna Lake froze.* 

May 28, 1908.— Iliamna Lake opened.* 

June 2, 1909. — Ice out of upper end of Iliamna Lake.* 

June 20, 1909. — Ice all gone from Iliamna Lake.* 

September 13, 1909.— Snow at 2,000 feet.* 

September 17, 1909.— Snow at 1,200 feet.* 

September 20, 1909.— Severe freeze.* 

September 27, 1909.— Snow at Iliamna Bay.* 

VEGETATION. 
GENERAL FEATURES. 

This region lies in the borderland between the densely forested 
coast of southeastern and south-central Alaska and the treeless coasts 
of the Alaska Peninsula and Bering Sea. Parts of it have the vegeta- 
tion of the treeless tundras. Other parts have a vegetation rather 
closely akin to that of much of the lightly forested interior of Alaska 
and of much of northern Canada. Still other tracts are treeless be- 
cause they are high and possess the universal features of the area 
above and near to snow line. The distribution of the forested and 
nonforested areas is shown on Plate IV. 

FORESTS. 

The forests extend throughout the lowland areas on the coast of 
Cook Inlet north of Iniskin Bay, in the valley of Lake Clark (PI. Ill, 

^Fifteenth annual report on the introdnction of domestic reindeer Into Alaska, 1006» 
pp. 168-172. 
'Stotement by O. B. Millet. 
'Observations of U. S. Geological Survey. 
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5), and along the shores of Iliamna Lake east of longitude 155® W. 
The south shore of Iliamna Lake between longitude 155° W. and the 
outlet of the lake and most of the Kvichak Valley have only small 
scattered areas of forest. These forests oMisist chiefly of spruce with 
much birch intermingled with it or in separate groves. Birch is 
practically coextensive with the spruce throughout this region, ex- 
cept possibly on Cook Inlet " Cottonwoods " also grow throughout 
the area of the spruce, but have a wider distribution, being present 
along many of the streams in the otherwise treeless areas. 

The character of the vegetation at the mouth of Iliamna River 
has been described by Osgood ^ as follows : 

The timber In this vicinity Is of the characteristic type found throughout 
the Hudsonlan zone In northern Alaska. The white spruce (Picca canadensis) 
is the dominant tree, and with it are found its usual deciduous neighbors, the 
balsam poplar and the paper birch. Alders abound on the hillsides and willow 
thickets border the streams. Mosses, lichens, and small woody plants, chiefly 
Erlcaceee, cover the ground. A few small ponds near the river are bordered 
with grasses and sedges, and, where conditions favor, are filled with large 
yellow pond lilies (Nymphwa). 

Concerning the timber on Lake Clark, Osgood " says : 

A good growth of timber surrounds the entire lake and runs up the mountain 
sides from 500 to about 1,500 feet It is of much the same character as that 
at the head of Lake Iliamna. The black spruce {Picea mariana), which was 
not found about Lake Iliamna, however, is quite abundant on Lake Clark. 
This is particularly the case about the lower end of the lake, from the head 
of the Nogheling [Newhaleu] River to Keejik, where there is more or less low, 
moist ground suited to the trees. The aspen {Populu^ tremuloidcs) is also 
found In a few places nc^ar the Nogheling and about Lake Clark. On the steep 
mountain sides south of the lake the white spruce is the principal tree, and in 
many places composes the entire forest On the north side it is also abundant 
but the deciduous poplars and birches are largely mixed with it. This differ- 
ence in the timber of the two sides Is doubtless due to slope exposure. Many 
of the small, low peninsulas projecting into the lake on the north side are 
almost entirely occupied by groves of poplars {Populua haUanUfera) , many 
individual trees slightly exceeding 12 inches in diameter. A beautiful open 
forest of birch and spruce is found in some localities, and much of the ground 
in some places produces tall grass {Agrostia) in great abundance. Devil's- 
club (Echmopanaw) occurs in a few dark, sheltered places near the head of 
the lake, and perhaps reaches the northwestern limit of its range there. Wil- 
lows and alders abound in their respective relative positions, while smaller 
shrubs and boreal plants are In characteristic profusion. 

The spruce forests mentioned above contain good timber only 
locally. They are everywhere interspersed with open grassy 
meadows, bare ridges and hilltops, treeless swamps, and patches of 
alders and willows. (See PI. Ill, 4, p. 14.) Much of the spruce 

^ Osgood, W. H., A biological reconnaissance of the base of the Alaska Peninsula : 
North Am. Fanna, No. 24, 1904, p. 11. 
*Idem, pp. 13-14. 
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is, moreover, very small and is worthless save for firewood. None 
of the forest can really be classed as commercial timberland. The 
best of it would supply good lumber for little more than the slight 
present local needs. The supply of material suitable for mine tim- 
ber is, however, probably adequate to any local demands which can 
now be foreseen. 

A rank growth of grass is present in all parts of the region, espe- 
cially where the timber has been burned, and in the Cook Inlet low- 
lands. Abundant horse feed can be found throughout the greater 
part of the region, from about June 1 to October 1. Some hay is 
cut every year, especially near Uianma village and the " Dutton 
prospects " and at the head of Cottonwood Bay. The areas of good 
grass are, however, not. large and it is not probable that this could 
become a grazing country to more than a comparatively minor extent 

TREELESS ABEAS. 

The north shore of Iliamna Lake between Newhalen and Kvichak 
Rivers has no trees except " cottonwoods." The same condition holds 
on the west coast of Cook Inlet south of Iniskin Bay and over the 
greater part of the Alaska Peninsula. In the latter district spruce 
is known only on the shores of Iliamna Lake and on Kukark Bay.^ 
It is definitely known to be absent on the southeast coast of the 
peninsula from Iliamna Bay to Cold Bay (except at Kukak Bay), 
along the route across the peninsula^ from Naknek to Katmai, in 
the vicinity of Becharof Lake' and Ugashik Lakes,^ and in the 
vicinity of Chignik Bay and Port MoUer.^ 

The character of the vegetation in these nonforested areas at low 
altitudes is shown in the following description by Osgood* of the 
vegetation of the lower slopes around Iliamna Bay : 

They support no trees worthy of the name, but there are several groves of 
fairHSized balsam poplars {Populua halaamifera) In the narrow vaUey at the 
head of the bay and also on some low ground about a small indentation on the 
west side called Cottonwood Bay. On the mountain sides a few tiny spruces 
from 1 to 2 feet high proudly raise their heads above the matted mosses, 
lichens, and small shrubs. A few d^auperate sprouts of the paper birch 
(Betula papprifera alaskana) also occur. The characteristic shrubs are the 
alder {Alnu8 viridisf) and the dwarf birch {Betula glandulosQ rotundifolia) , 
which are found In great abundance. 

Throughout this region the higher lands are bare of all vegetaticm 
except moss, grass, and small bushes. Timber line, the term being 

1 Fernow, B. C, Forests of Alaska : Harriman Alaska Expedition, vol. 2, 1902, p. 244. 

* Spurr, J. E., and Post, W. S., Report of the Knskokwlm Expedition : Maps and 
description of routes of exploration In Alaska in 1898, p. 33. 

* Osgood, W. H., A biologic reconnaissance of the base of the Alaska Peninsola : North 
American Fauna, No. 24, 1904, pp. 19-22. 

^ Obserratlons of A. G. Maddren. 

B According to several members of the Geological Surrey. 

* Osgood, W. H., op. dt, pp. 10-11. 
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used to mean the upper limit in altitude of nonatunted spruoe, and 
not the lateral limits of the forests where they abut on the low- 
altitude, nonforested areas, is in general at an altitude of 800 to 1,400 
feet Timber line was seen at its highest local altitudes near the 
heads of Clark, Kontrashibuna, and Upper Tasimina lakes, from 
which points it decreases to the south and west. 

Altitude of upper limit of spruce. 

Feet. 

. Head of Lake Clark 1, 200-1, 400 

Kontrartiibiina Lake 1,100-1,200 

Head of Upper Tasltnina Lake 1,200-1,400 

North side, Lower Tatlmlna Lake 1,100 

South Bide, Lower Tazlmina Lake 900-1,000 

West of lower end of Lake Clark 1^000 

West of Newhalen River 800-1,000 

Head of Pile Bay 1,000 

Knutson Bay 800 

East of Reindeer Station - 800- 900 

Large areas of " reindeer moee " are found throughout the greater 
part of the region, both in the (^n areas within the forested belt 
and in the nonforested areas. Hie low hills south of Uiamna Lake 
have an especial abundance of it. This has led to the establishment 
of the Government reindeer station at the head of Kakhonak Bay. 

CAUSE 01^ LIMITS OF FOBBSTi. 

In the lowlands of southwestern Alaska densely forested and 
absolutely unf orested districts lie in close proximity, in areas which 
are not Imown or believed to differ appreciably in any characteristic 
determining the presence or absence of trees. Several explanations 
of this fact have been offered, and as some of these are geologic they 
are presented here. 

Becker^ believe that there may have been recent uplift of this 
part of the Alaska coast, and that the absence of trees may be due to 
the former presence of salt-water straits with heavy tidal currents 
connecting Bristol Bay with Cook Lilet by way of Uiamna and 
Clark lakes, and to the submergence of the western part of Kodiak 
Island. 

This explanation was accepted as probable by Spurr,* who believes 
that the recent submergence is an established fact, and that the subse- 
quent uplift has been so rapid that the timber has been unable to 
migrate westward at a rate equal to the retreat of the shore line. 

1 Becker, G. F., Reconnaissance of the gold fields of southwestern Alaska, with lome 
notes on the general geology: Eighteenth Ann. R«pt U. 8. Oeol. Surrey, pt S» 1898, 
p. 19. 

*8purr, J. B., A reconnaissance in southwestern Alaska la 1898: Twentltth Ann. 
Kept. U. S. Geol. Survey, pt 7, 1900, p. 68. 
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Grannett^ believes that the cause of the absence of timber is an 
open question. He holds that in neither rainfall, temperature, nor 
winds do the treeless areas differ from the forested coasts farther 
east. 

On the other hand, Femow * claims that the spruce has in very 
recent time migrated westward, and may still be migrating, although 
the movement is retarded by the prevalence of moist winds from the 
southeast and south from September to May. He subsequently^ 
elaborated this explanation, holding that the Alaska Peninsula and 
Aleutian Islands show evidence of recent and volcanic origin, that a 
forest could come to them only from the northeast, and that for this 
to take place it is essential that the winds should be dry and should 
blow from the north and east when the spruce releases its seed^ from 
September to May. 

According to Osgood * it hardly seems possible that there is even 
an appreciable difference in temperature between the timbered region 
around Lake Clark and the treeless region around Becharof Lake. 
He believes that all the causes determining the nonexistence of 
coniferous trees can hardly be ascertained until more work is done, 
but that the prevalence of wind and storm regardless of temperature 
would restrict arborescent vegetation in almost any latitude, though 
in spite of these adverse circumstances the timber may be advancing. 

The observations of the Geological Survey party in 1909 show 
that there is no essential difference between the forested and non- 
forested areas in rainfall, temperature, intensity of winds, or in rocks 
and soils. They also support the conclusions of Femow and of 
Osgood that the forests are now advancing into the treeless areas. 
The evidence for this lies chiefly in the scarcity of old dead trees 
throughout most of the forest areas and their complete absence on 
the margins of the forests. The earlier geologic explanation by 
assumed recent elevation following a period of submergence must be 
discarded, for proof of these recent movements is not at hand. 

SETTLEMENTS. 

The largest settlement and the chief trading point for this entire 
region is Iliamna village (PI. Ill, 4, p. 14), situated on Iliamna 
River, 4 miles above its mouth and 12 miles from Iliamna Bay. This 
village has a population of about 15 whites and 40 natives. It has 

^Gannett, Henry, General geography: Harriman Alaska Expedition, vol. 2, 1902, 
pp. 272-273. 

' Fernow, B. E., Forests of Alaska : Harriman Alaska Expedition, vol. 2, 1902, pp. 
244-246. 

*Fernow, B. E., The forests of Alaska: Forestry and Irrigation, vol. 8, No. 2, 1902. 
p. 70. 

* 0&(?ood, W. H., A biologic reconnaissance of the base of the Alaska Peninsula : North 
Am. Fauna, No. 24. 1904, pp. 23-24. 
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k United States commissioner and a Government school. Thi*ee 
stores are located here. A Government reindeer station has been 
located at the head of Kakhonak Bay since the Spring of 1905. The 
other villages, which are inhabited permanently only by natives, in- 
clude Kakhonak, on the south shore of Iliamna Lake 12 miles west of 
the head of Kakhonak Bay ; Xewhalen, near the mouth of Newhalen 
Kiver; Nondalton, on the west shore of Sixmile Lake; and Kaskanak, 
on Kvichak River, about 10 miles below Iliamna Lake. Iliamna and 
Nondalton are Kenai villages, the others being Eskimo. The for- 
mer villages of Chekok and Nikhkak are now abandoned. There are 
several cabins belonging to prospectors and traders at Iliamna and 
Cottonwood bays, but these are occupied only when a steamer is 
expected or when freight is being moved from the coast -Numerous 
isolated camps and cabins are scattered throughout the district. 
Most of these were built by prospectors, who have been at work in 
a small way since 1898 over the greater part of this region and in 
the adjacent Mulchatna country. The most active of these operations 
were from 1903 to 1906; they are described imder the heading of 
" Mineral resources." 

Dutton post office, which was formerly situated at the head of Cot- 
tonwood Bay (the southern arm of Iliamna Bay), is now (1910) 
abandoned. The entire region is dependent for its summer mail on 
the accommodation of the postmasters east of Cook Inlet and of the 
mail clerks and other officers of the steamers calling at Iliamna Bay.^ 
Winter mail is received by private delivery from points on the Cold 
Bay and Nushagak mail route. 

The population of the local and neighboring villages according to 
census reports has been as follows : 





Population of native viUages. 


Tenth 
Census. 1880. 








Eleventh 
Census, 1890. 


"PhiVftt " 


61 

49 

Not given. 

119 

91 

29 

Not given. 

180 

Not given. 

Not given. 


Not given. 
76 


Diftmna 


iriiVhoimk 


28 


ir^mk^f^lr 


66 


"KIchIk" 


Not given. 
133 


ITMrgfnng. . - , , 


•''Klvichakh" 


37 


•"Mdchatna villages" 


Not given. 


-"Nft^hVfilr" , 


42 


^'NoghHIngftTnlpt", . . 


16 










619 


398 



TBANSPOBTATION BOUTES. 



•This region is accessible only by water, there being two well- 
traveled routes leading to it— one from the east by way of Iliamna 
Bay and the other from the west by way of Koggiung. 



1 Iliamna post office was establiBhed in 1910. 
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The steamers from Seattle to Prince William Sound and Cook 
Inlet and also the local steamers from Valdez westward and from 
Seldovia and Port Graham to the upper Cook Inlet ports will land 
at Iliamna Bay whenever weather permits and sufficient business 
warrants it. Iliamna Bay is about a day's sail from Seward or 6 to 
12 days from Seattle. There is usually about a boat a month from 
May to October, inclusive, and occasional boats during the winter. 

A good horse trail leads from the head of Iliamna Bay to Iliamna 
village, a distance of about 12 miles. This trail crosses a 900-f6ot 
summit 3 miles west of Diamna Bay. Another trail leads from the 
head of Cottonwood Bay to Iliamna village, about 20 miles, crossing 
three summits at elevations of 1,700, 1,500, and 1,975 feet, at 4, 5^, 
and 15 miles from Cottonwood Bay, descending to 1,400 and 600 feet 
between the summits. A good wagon road has been built for the 
first 2 miles and from the fifth to the fourteenth mile, or as far as 
the Dutton copper prospects. These trails can usually be used by 
horses from June 1 to November 1. Dogs are used during the rest 
of the year. 

From Iliamna village all parts of Iliamna Lake and Evichak 
River can be reached in boats, there being several large sailboats and 
a gasoline launch at the village. Horses can also be taken from 
Iliamna village throughout the greater part of the region, except in 
the high mountains. The shores of Lake Clark are impassable for 
horses east of longitude 154° W. 

Bristol Bay is visited by cannery vessels about May 1, and by a 
passenger steamer from Valdez once a month in June, July, August, 
and September. Part of the supplies for the stores at Iliamna vil- 
lage are brought in by this route, which has the advantage of being 
all water and avoiding the portage from Iliamna Bay to the village. 

Iliamna Lake can also be reached by a portage from the head of 
Kamishak Bay to the head of Kakhonak Bay. This route is said to 
be easy, the pass being low. It is, however, not much used except 
by natives, because of the difficulty of having supplies landed on this 
uncharted part of the coast. 

Many of the supplies for Lake Clark and the Mulchatna country 
west of it are taken in from Iliamna village by dogs in the winter. 
Summer transportation to Lake Clark may be accomplished either 
with horses or by boats to a point on the shore of Iliamna Lake 4 
miles east of Newhalen River, by a 5-mile portage from that point to 
Newhalen River above the lower rapids, and thence by boat up the 
Newhalen. Native packers are usually available at this portage. 

The Mulchatna region can be reached from Lake Clark by boats up 
Chulitna River to a short portage at the head of Swan River, or up 
Chulitna and Koksetna rivers to points near tlie headwaters of other 
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of the eastern tributaries of the Mulchatna. (See fig. 20, p. 131.) 
It can also be reached by taking horses over this same general route. 
Railroad surveys for the proposed Alaska Shortline Railway were 
made from 1902 to 1908 along a route leading from the head of Ili- 
amna Bay westward along the trail to Iliamna village, around the 
north shore of Iliamna Lake to Chekok Bay, northwestward to the 
lower end of Lake Clark, up the Chulitna Valley and across the 
Mulchatna Valley to the Kuskokwim and Yukon. An attempt was 
made in 1902 to carry mail and passengers over this route by the 
Trans- Alaska Co. Several miles of trail and a few cabins were 
built, but the venture was not a success. 

ACCOUNT OF namssTiaATioNS. 

The field work on which this report is based was a combined topo- 
graphic and geologic reconnaissance by a party of 12 men in charge 
of D. C. Witherspoon, topographer. The party landed and began 
work at Iliamna Bay, May 16, 1909. After crossing the mountains 
to Iliamna village two subparties were organized. One of these, in 
charge of Mr. Witherspoon, consisted of six men and was equipped 
with a pack train of ei^t horses. This party traversed the area 
north of Iliamna Lake and east of Lake Clark. F. J. Katz accom- 
panied this party as geologist The other party, in charge of G. C. 
Martin, geologist, likewise consisted of six men and was equipped 
with three Peterborough canoes. This party traversed the shore lines 
of Iliamna and Clark lakes, mapping as much of the topography and 
geology as could be reached from the shore, and made an exploratory 
trip down Kvichak River to Koggiung. C. E. Giffin accompanied 
this party as topographer and Theodore Chapin served as geologic 
field assistant. Field work for both parties ended at Iliamna Bay 
on September 28. 

The results here given include the hitherto partly unpublished 
results of a geologic and topographic reconnaissance of the supposed 
oil fields between Iniskin and Chinitna bays made by G. C. Martin ^ 
in 1903, and of a similar reconnaissance by T. W. Stanton and G. C. 
Martin ^ in 1904, of the west coast of Cook Inlet from Tuxedni Bay 
to Cape Douglas and on the southern coast of the Alaska Peninsula. 

Comparatively little was known of either the geology or the gen- 
eral features of this region prior to these investigations. The earlier 
explorations are, however, of interest and are briefly described below. 

1 Petroleam fields of Alaska and the Bering Riyer coal fields : Bull. U. 8. Geol. Sorrej 
No. 225, 1004. pp. 365-382 ; The petroleam fleldfi of the Pacific coast of Alaska, with an 
account of the Bering River coal deposits: Bull. U. S. Geol. Survey No. 250» 1905, pp. 
87-49 ; Notes on the petroleum fields of Alaska : Bull. U. S. Oeol. Survey No. 2G9, 1905, 
pp. 128-189. 

* Mesozoic section on Cook Inlet and Alaska Peninsula : Bull. Geol. Soc. America, vol. 
16, 1905, pp. 291-410. 
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• The first exploration of parts of this region of which records are 
available was by Pinart,^ who, in 1872, made extensive explorations on 
the coast of the Alaska Peninsula and Bering Sea, ascending Kvichak 
River to Iliamna Lake. The results of these explorations are still 
largely unpublished. 

Schanz and Clark, early in the winter of 1891, ascended Nushagak 
and Mulchatna rivers and explored the lower ends of Clark and 
Iliamna lakes. This expedition brought back important geographic 
information, but no geologic data. The accounts of this exploration, 
written by Schanz,^ made known the existence of Lake Clark defi- 
nitely to the general public for the first time. The presence of a 
large lake in this general position had, however, been vaguely known 
for a long time. In fact it had been represented on some of the early 
Russian charts, and it is now known that it was visited by McKay 
about 1881. 

Later and more detailed information, including some geologic 
data, was gained in an exploration made for the Biological Survey 
by Osgood ^ and Maddren in 1902. 

Brief geologic notes dealing chiefly with the outlying parts of this 
district have been published by Dall,* Spurr,** and Brooks.* Dall is 
the only one of these who was personally familiar with any part of 
the area described in this report, having studied the Jurassic rocks at 
Tuxedni Bay in 1896. 

The United States Coast and Geodetic Survey made a detailed 
chart (No. 8665) of Iliamna Bay in 1907, and has been engaged in 
primary triangulation on Cook Inlet in the succeeding seasons. 

The results of the investigation on which the present report is 
based have already been published ^ in abstract. 

Although this is strictly a joint publication it nevertheless seems 
desirable to indicate the individual responsibility for the opinions 

1 Plnart, A. L., Voyage ft la c6te nord-ouest d'Am^rlqne, d'Oanalashka k Kadlak (lies 
Alteutlennee et p^nlnsule d'Aliaska) : Bull. Otegraphle, 6th ser., yol. 6, Paris, 1878, pp. 
561-580, map. 

•Schanz, A. B., Frank Leslie's m. Mag., yol. 73, 1891, pp. 138, 240; The fourth or 
Nushagak district : Report on population and resources of Alaska at the Eleventh Census, 
1890, pp. 91-97. 

* Osgood, W. H., A biologic reconnaissance along the base of the Alaska Peninsula: 
North Am. Fauna No. 24, 1904, 86 pp. ; Lake Clark, a little known Alaskan lake : Nat 
Geog. Mag., vol. 15, 1904, pp. 326-331. 

* Dall, W. H., Report on coal and lignite of Alaska : Seventeenth Ann. Rept U. 8. 
Geol. Survey, pt. 1, 1896, pp. 763-906. 

B Spurr, J. E., A reconnaissance in southwestern Alaska in 1898 ; Twentieth Ann. Rept. 
U. S. Geol. Survey, pt. 7, 1900, pp. 33-264 ; Lakes Iliamna and Clark : Maps and descrip- 
tions of routes of exploration in Alaska in 1898, with general information concerning the 
Territory, U. S. Geol. Survey, 1899, p. 129. 

* Brooks, A. H., The geography and geology of Alaska : Prof. Paper U. a Geol. Survey 
No. 45, 1906. 

^Martin, G. C, and Katz, F. J., Outline of the geology and mineral resources of the 
Iliamna and Clark lakes region: Bull. U. S. Geol. Survey No. 442, 1910, pp. 179-200. 
Katz, F. J., Gold placers of the Mulchatna : Bull. U. S. Geol. Survey No. 442, 1910, pp. 
201-202. 
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here expressed by a brief statement as to the subdivision of the prepa- 
ration of the manuscript. 

The introduction (pp. 11-25) was written by the senior author, as 
were also the introductory pages (pp.25--30) of the section on geology. 
In the description of the Paleozoic and Paleozoic or early Mesozoic 
rocks (pp. 3(M:1) the division of responsibility was as follows: The 
senior author wrote the discussions entitled " Areal distribution " 
and " Age," and the junior author wrote those entitled " Lithologic 
character " and '' Petrographic description." The description of the 
Mesozoic and Tertiary rocks (pp. 41-82) was prepared by the senior 
author, with the exception of the sections on lithologic character of 
the porphyries and tuffs (pp. 51-58) and petrographic description 
of the granitic rocks (pp. 74-76) and of the basaltic flows and tuffs 
(pp. 79-81), which are the work of the junior author. In the section 
on the Qatemary (pp. 82-94) the junior author prepared the dis- 
cussion of conditions of deposition of the glacial deposits (pp. 83-88) 
and the description of the high terrace gravels (pp. 91-92), the re- 
mainder of this section being the work of the senior author. The 
sections on structure and on historical geology (pp. 94-113) were 
prepared by the senior author. The junior author wrote the entire 
section on mineral resources (pp. 113-132), except pages 126-130 on 
petroleum. 

GEOLOGY. 

OENEBAL FEATUBES OF THE BEOIOK. 

The region here described covers the southern end and parts of 
the eastern and western sides of the Chigmit Mountains, the northern 
end of the Aleutian Range, an intermediate region lying between 
them, and parts of the Cook Inlet and Bristol Bay regions on the 
east and west sides. It consequently includes parts of several geo- 
graphic and geologic subprovinces, the general features of which 
will be briefly reviewed before passing to the detailed description of 
the special area here under discussion. 

The geologic subprovinces included in part by this area are the 
Cook Inlet basin on the east, the Chigmit Mountains west of it, the 
Alaska Peninsula in the southern part, the Bering Sea coastal plain 
in the western, and the Iliamna basin in a central portion between 
the last three. These subprovinces are each characterized by distinc- 
tive physiographic, stratigraphic, and structural features, and their 
boundaries according to any of these criteria not only arc fairly dis- 
tinct but are approximately concordant. The geologic map (PL II, 
In pocket) consequently shows approximately the local geographic 
limits of the subprovinces. 
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OEOLOOIC SUBPBOVIHCES. 
COOK INLET BASIN. 

The Cook Inlet basin is topographically a lowland area bounded 
by more or less linear- fronted mountain masses on the east and west 
sides. The waters of Cook Inlet occupy about half of the total area 
of the basin. The larger land areas are at the north end and on the 
east side. The bounding mountain masses are the Talkeetna, Chugach, 
and Kenai mountains on the east side of the basin and the Alaska, 
Chigmit, and Aleutian mountains on the west side. The mountain 
fronts are deeply embayed by the Matanuska and Tumagain Arm 
valleys, between the Talkeetna and Chugach and between the Chugach 
and Kenai mountains, respectively, and by valleys north of Mount 
Redoubt and at the head of Kamishak Bay, which separate the 
Chigmit Mountains from the Alaska and Aleutian ranges. 

The rocks of the valley floor consist chiefly of Tertiary and Quater- 
nary deposits. The former are only locally more than slightly 
folded, and are only partly consolidated. The latter consist chiefly 
of glacial outwash deposited in what are now a series of terraces, 
and underlain, in at least part of the region, by till. 

The rocks of the bounding mountains are mostly granitic and 
metamorphic. Those of the Kenai and Chugach mountains are 
slaty sediments. The Talkeetna Mountains are largely quartz dio- 
rite, with some schists and other rocks. The Alaska Range consists 
chiefly of slightly metamorphosed Jurassic rocks. The Chigmit 
Mountains are largely granitic, although metamorphic and volcanic 
rocks also are present, as will be described below (pp. 27-28). The 
Aleutian Range is essentially volcanic, but considerable areas of 
granite rocks and of Mesozoic and Tertiary sediments are known to 
be present. 

Intermediate in geographic position as well as in geologic char- 
acter between the valley floor described above and the bounding 
mountains are locally developed belts of foothills. One of these 
borders the Cook Inlet basin along the eastern front of the Chigmit 
Mountains. These hills differ geologically from the floor of the 
basin and also from the bounding mountains in that they consist of 
unaltered Mesozoic sediments and volcanic rocks. Similar rocks are 
also present in the lowlands between the Chigmit and Aleutian 
ranges and in the foothills of the Kenai Mountains on the south 
shore of Kachemak Bay. 

Only the western edge of the Cook Inlet basin is included within 
the area described in this report. It comprises the foothills and 
lowlands east of the Chigmit Mountains. The local rocks are un- 
metamorphosed Mesozoic sedimentary and volcanic beds with one or 
two small remn&nts of a former fringe of Tertiary rocks east of 



Digitized by VjOOQ IC 



GEOLOGIC SUBPROVINCBS. 27 

them. The structure is dominantly simple, the Jurassic and Ter- 
tiary rocks being but gently flexed and having a general dip east- 
ward toward the center of the basin, the Triassic rocks alone being 
c(Mnplexly folded. 

CHIGMrr MOUNTAINS. 

The Chigmit Mountains are that part of the Pacific mountain sys- 
tem which fronts on the west coast of Cock Inlet from Redoubt Bay 
to Bruin Bay. The neighboring parts of the Pacific mountain system 
are the Alaska Bange, which is north of the Chigmit Mountains, and 
the Aleutian Bange, which is south of them. The axes of these three 
ranges are parallel, but are offset progressively southeastward, so that 
the axis of the Chigmit Mountains occupies a position southeastward 
and coastward from that of the Alaska Bange and northwestward 
and inland from that of the Aleutian Bange. The northeastward 
continuation of the Chigmit Mountain belt is probably to be found in 
the Talkeetna Mountains, east of the Cook Inlet basin, with which 
it possesses many geologic features in common. 

The eastern boundary of the Chigmit Mountains lies parallel to 
the coast of Cook Inlet. The northern termination is somewhere in 
the unexplored country northeast of Bedoubt Bay. The southern 
end is at the head of Bruin Bay. The western boundaries are rather 
indefinite. The hills west and north of Kakhonak Biver and of 
Kakhonak Lake should not be included, but the mountains west of 
Lake Clark above Chulitna Biver and west of a line from Chekok 
Bay to the mouth of Currant Creek may be included or not, according 
to the point of view. These hills merge imperceptibly with the main 
mountain mass, which, in the writer's opinion, should include the 
mountains north of Chulitna Biver and east of Lake Clark and east 
of a line from the outlet of Lake Clark to the mouth of Iliamna Biver 
and thence to the head of Bruin Bay. 

These mountains are a rugged mass, which has been mapped only 
within the area described in this report, and whose topographic detail 
is consequently largely unknown. The general height of the summits 
ranges from 4,000 to 6,000 feet, as is shown on the topographic map, 
Plate I (in pocket), and in the characteristic view shown on Plate 
VIII, A (p. 86). Many summits in the northern part of the moun- 
tain mass exceed 7,000 feet in height, and the isolated volcanic peaks, 
Iliamna and Bedoubt, on the eastern front of the mountains rise to 
approximately 10,000 feet. 

The Chigmit Mountains consist geologically of the granitic, meta- 
morphic, and volcanic rocks described in the following pages. Their 
geology is not known outside of the area here described. Within this 
region they contain detached areas of gneisses and schists, probably 
of early Paleozoic age, overlain by limestones, slates, and greenstones. 
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all considerably altered and severely folded, and probably chiefly of 
Paleozoic age. Some less altered Triassic limestone also is present. 
Large areas of porphyries and tuffs, probably of Lower Jurassic age, 
are found on the eastern and western flanks of the mountains. All 
these rocks are cut by great masses of granite which were intruded 
in early Jurassic time. The granite appears to occupy by far the 
greater part of the area of the mountains. 

These mountains were formerly occupied by an extensive system of 
glaciers of the alpine type, which have left behind them the usual 
erosion features at all but the higher altitudes, which seem to have 
overtopped the ice, and are consequently of the ragged nonglacial 
form. Glacial deposits are in general scanty, doubtless because this 
was a region of vigorous glacial erosion rather than of glacial deposi- 
tion. The character of the land surface from which these moimtains 
were produced is not known. 

ALASKA PENINSULA. 

The southern border of the region here described is the north end 
of the Alaska Peninsula, which extends southwestward from Kami- 
shak Bay between the waters of Iliamna Lake, Bristol Bay, and 
Bering Sea on the north and those of Shelikof Strait and the Pacific 
on the south. 

The Alaska Peninsula consists of two parts, a mountain axis on the 
south and a coastal plain on the north. The mountains are the 
Aleutian Range, which consists of volcanic rocks, cutting Mesozoic 
and Tertiary sediments, and of granitic intrusives. The Aleutian 
Mountains extend from Cape Douglas to the western end of the 
peninsula, being broken by many low passes, of which the lowest 
and broadest is probably the one at the head of Becharof Lake. 
These mountains are separated from the Chigmit Mountains by a 
broad, low belt of rolling country which extends from the head of 
Kamishak Bay to the head of Kakhonak Bay on Iliamna Lake. The 
coastal plain forms the western part of the peninsula throughout the 
greater part of its length. It is covered with Quaternary gravel, 
sand, and clay, lying in a series of teiraces. 

ILIAMNA BASIN. 

The Iliamna Basin constitutes a physiographic and geologic sub- 
province, here described for the first time. Its area is that of the 
greater part of the drainage basin of Iliamna and Clark lakes, 
including the broader reentrants between the southern ends of the 
Chigmit Mountains on the north and the Aleutian Range on the 
south, but not the narrow fiord of Lake Clark above the mouth of 
Chulitna River nor the deep narrow upper ends of the valleys 
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tributary to the east sides of Clark and Iliamna lakes, which belong 
to the Chigmit Mountains. 

This snbprovince possesses a physiographic unity characterized 
by the breadth of valleys and terracing of their sides, by the mod- 
erate height of the mountains, by their distribution as isolated indi- 
viduals or groups, and by the rounded character of their tops and 
sides. These physiographic features accompany and were in large 
part caused by the geologic features described below, which likewise 
characterize this subprovince as a whole and distinguish it from the 
neighboring subprovinces. 

The rocks of the Ilianma Basin consist chiefly of volcanic flows 
and tuffs, which are not metamorphosed nor closely folded, and are 
overlain at the lower altitudes by terrace gravels and by a small 
amount of glacial till. At two points within the area of the volcanic 
rocks are small patches of older rocks apparently protruding through 
the volcanic mantle. One of these is the limestone west of Chekok 
Bay, and the other is the greenstcme near the head of Kakhonak 
Bay. The volcanic rocks include Mesozoic porphyries and tuffs and 
Tertiary basalts and tuffs. The former occur also on the western 
border of the Chigmit Mountains, as described above. The basaltic 
flows and tuffs are apparently restricted to this subprovince and give 
it some of its most striking geologic characteristics. Over large 
areas the basalts are horizontal or but gently tilted and are promi- 
nently exposed in the escarpments surrounding the mesas which they 
form. The greater part of the district has been scoured by the large 
ice sheets which formerly occupied the basin, and all the lower areas 
are mantled by the till and the terrace gravels left upon the retreat 
of the ice. 

BERING SEA COASTAL PLAIN. 

The Bering Sea coastal plain extends along the greater part of the 
shore line of Bering Sea, attaining its broadest development, except 
for the Yukon-Kuskokwim delta, on the shores of Bristol Bay, 
where it is from 20 to 50 miles in width. The part of it described 
in this report extends from the west shore of Iliamna Lake to the 
mouth of the Kvichak River. This is a terraced plain, at few points 
exceeding 200 feet in height, composed of stratified gravels, sands, 
and clays. The eastern end of the Kvichak Valley contains some till, 
which probably imderlies part and may underlie all of the plain. 
Exposures of hard rock are not known in this district and are not 
believed to exist. 

This subprovince merges eastward into the Iliamna Basin, the 
western part of which contains the same gravel-covered terraces, and 
overlaps southward upon the Alaska Peninsula. 



Digitized by VjOOQ IC 



30 EECONNAISSANCE OF ILIAMNA BEGION, AT«AflKA. 

STBATIGBAPHIC GEOLOGY. 
GENERAL FEATURES. 

The rocks of this region include a great variety of sedimentary, 
metamorphic, intrusive, and volcanic types. As stated above (p. 25), 
ihfe several physiographic and geologic subprovinces are each in gen- 
eral characterized by distinctive rocks or groups of rocks, although 
some of the groups of rocks recognized below are common to several 
of the subprovinces. At no locality is there a geologic section show- 
ing anywhere near the complete stratigraphic sequence. The com- 
plex structure and the general absence of fossils throughout all but 
the eastern part of the region make correlation and the establishment 
of a complete geologic section rather difficult and subject to doubt. 
The first table following shows what is now believed to be the local 
geologic sequence in various parts of the region as well as the prob- 
able correlation between these local fragmentary columns. The sec- 
ond table shows also the probable relations of these rocks with those 
of the neighboring regions. 

PALEOZOIC ROCKS. 
eVEZ88B8 AVD QVART2ITI0 S0HI8T8. 

Area! distribution^ — ^The oldest rocks of this region are believed to 
be some highly metamorphosed sediments now appearing as gneisses, 
mica schists, and quartzites. These rocks occupy two districts, a 
southern one in the mountains between Iliamna and Pile bays, and a 
northern in the valley of Lake Clark from the valley of Kontrashi- 
buna Lake northward to the mountains west of Tlikakila River. 
The areas occupied by these rocks are shown on the geologic map, 
Plate II (in pocket). 

The southern district is probably divided into two detached areas 
by a large intrusive mass of granitic rocks. The rocks of the eastern 
area are exposed on the trail 2 miles west of the head of Iliamna Bay, 
and also on the Hicks and Dutton trails west of Cottonwood Bay. 
This area is bordered on the east in part by the slates described below 
(pp. 35-88), and in part, as west of the head of Iliamna Bay, by 
granite which also probably forms the western boundary of the area. 
The western area extends from near the head of Meadow Lake north- 
ward to the valley of Iliamna River. It is bounded on the west by 
Triassic (?) limestone and on the east by granite, possibly being 
connected through the area of the latter, in undetected belts, with the 
eastern area described above. 

The northern or Lake Clark district of quartzite and mica schist 
also consists of two areas, which are separated by the waters of the 
lake. The southern area, which is on the east side of Lake Clark, 
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lies in the mountain west of the lower half of Kontrashibuna Lake, 
being bounded on the east by crystalline limestone and calcareous 
schist and on the west and south by much younger volcanic rocks. 
The northern area is on the northwest side of Lake Clark, from 3 to 5 
miles south of the mouth of Tlikakila Kiver. This is believed to be 
continuous with the other area, separated only by the waters of the 
lake. This area apparently has crystalline limestone on each side 
of it, the probable relation being anticlinal structure (see p. 107) and 
limestone overlying the schist. 

Lithologic character. — ^The gneisses and sdiists lying west of 
Cottonwood Bay include both coarse and fine grained types, between 
which are many intermediate phases. The coarse-grained rocks are 
light colored and are either decidedly gneissic or granitoid in texture. 
They are composed of quartz, feldspar, and biotite, and in places 
also hornblende. The fine-grained types include daric-colored horn- 
blende-feldspar rocks approaching schists in texture and quartzitic 
schist which is among the predominant rocks along the Dutton trail. 
These rocks have a general northeast strike and steep northwest dip. 
They are probably overthrust or overfolded upon the slate and 
greenstone which lies east of them. 

The rocks of the western area north of Meadow Lake include some 
biotite gneiss but a larger proportion of coarse to fine hornblende 
gneiss and some chloritic schist. The adjacent rocks are limestone 
on the west, which is believed to overlie the gneiss imconformably, 
and granite on the east, which is regarded as intrusive into it. 

The rocks of these two areas constitute an assemblage made up of 
members of at least two more or less distinct types. These are the 
coarser-grained and more highly metamorphosed gneisses and the 
finer-grained and less metamorphosed schists and quartzites. These 
two groups are deserving of differentiation and possibly belong to 
widely separated geologic periods. 

The metamorphic rocks of Lake Clark consist of quartzite, mica 
schist, calcareous schist, and crystalline limestone. These are 
believed to be separated into the older series of quartzite and mica 
schist here described, and a younger series of calcareous schists and 
limestones, described on pages 32-35. 

These rocks include distinctly sheared quartzites and argillaceous 
quartzites compo^d largely of quartz with varying amounts of 
biotite and accessory magnetite and carbonaceous material. They 
resemble the less metamorphosed and presumably younger division 
recognized above in the district west of Iliamna Bay. The rocks 
exposed on the east shore of Lake Clark west of Currant Creek and 
on the opposite shore eastward from Portage Creek are quartzites, 
quartzitic schists, and mica schists, of undoubted sedimentary origin, 
in alternate succession of moderately thin beds. These are minutely 
98153*— Bull. 485—12 8 
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plicated, the axial planes of the folds and the schistosity being ver- 
tical and striking about N. 40^ E. (magnetic). Some basic dikes 
invading this formation have been folded with it. Later unde- 
formed granitic intrusives into this formation were seen also on the 
northernmost of the two islands opposite the mouth of Currant 
Creek. 

Age. — ^The only evidence now available as to the age of the gneisses 
and schists is their degree of metamorphism. They are much more 
altered than any of the other rocks of the region and, as they are 
apparently not connected with them by metamorphic gradation f acies, 
it must be concluded that they are older. This determines their ag€ 
as certainly pre-Triassic As some of the less metamorphosed rocks 
of the region also are pre-Triassic, the gneisses and schists must 
belong well down in the Paleozoic or possibly in part below it. 

The rocks of other Alaskan regions with which these may be com- 
pared include the schists of Willow Creek ^ on the edge of the lower 
Matanuska Valley, and the " Klutina series " ^ farther east. Both 
of these lie in the same general belt with the rocks here described, and 
neither is of determined age. Other areas of rocks of the same g^i- 
eral lithology occur in many parts of Alaska.* 

OBTSTALLZNE UMEBTONE AVD OALOA&EOVS S0HI8T. 

Areal distribution. — ^The more highly metamorphosed and pre- 
smnably older calcareous rocks of this region are found in two dis- 
tricts — ^the shores of Clark and Kontrashibuna lakes, and the 
mountains west of Hiamna Bay. 

The calcareous rocks of Lake Clark outcrop as a continuous belt 
along the eastern margin of the quartzitic schists described above 
(pp. 30-31) from a point near the mouth of Currant Creek on the 
shore of Lake Clark, southward to a point near the head of Kasna 
Creek, about 2^ miles south of Kontrashibuna Lake, beyond which 
they were not followed. They also outcrop on both east and west 
sides of the schist on the west side of Lake Clark about 4 miles below 
the mouth of Tlikakila River. Calcareous schist was seen on an 
island in the middle of Lake Clark west of the mouth of Currant 
Creek, this outcrop being interpreted as part of a limestone belt 
along the west side of the quartzitic schists, the rest of this belt, 
except at the exposure 5 miles below Tlikakila River, lying in the 
lake or concealed bj younger volcanic rocks. 

The crystalline limestone west of Hiamna Bay occurs in two small 
areas surrounded by gneiss. One of these areas is about 2 miles 

*Pal«e, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and 
Talkeetna basins, Alaska : Bull. IT. S. Geol. Survey No. 327, 1907, pp. 10-11. 

* Schrader, F. C, A reconnaissance of a part of Prince William Sound and the Copper 
River district, in 1898 : Twentieth Ann. Bept U. S. OeoL Survey, pt 7, 1900, p. 410. 

« Brooks, A. H., The geography and geology of Alaska : Prof. Paper U. S. Geol. Survey 
No. 45, 1906, pp. 208-218. 
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west of the head of Iliamna Bay on the trail to the village, and the 
other is 3 miles from the head of Cottonwood Bay on the Dutton 
trail to the copper prospects. 

The limestone southwest of Iliamna village mi^t also be described 
here, but there is considerable doubt whether it is to be correlated 
with these older crystalline limestones or with the less-altered Tri- 
assic Umestone described later (pp. 41-47). 

Lithologic character. — ^The limestone and calcareous schist on I^ake 
Clark apparently overlie the mica schists and quartzites already de- 
scribed. They have an apparent thickness of many hundred feet, 
but the complexity of folding is such that the actual thickness can 
not be determined. They are predominantly calcareous throughout, 
and pure limestone beds contribute to a large proportion of the thick- 
ness. The separation from the presmnably underlying quartzitic rocks 
is made wholly on the basis of calcareous and noncalcareous char- 
acter, neither unconformity nor diflference in degree of metamor- 
phism having been detected. 

On the east side of Lake Clark the western and presumably lower 
part of the calcareous rocks is made up of thin interlaminated bands 
of schistose material and of fine-grained crystalline limest(Mie. Imme- 
diately east of this a presiunably higher horizon consists of fine- 
grained, light-colored limestone, in places coarsely crystalline. The 
exposures of this limestone are cut off on the north by the alluvial 
lowlands of Currant Creek. On the headland just north of Currant 
Creek the cliffs are of calcareous schist composed largely of sericitic 
and serpentinous material and calcite with chlorite and quartz and 
containing veinlets of quartz and epidote, A secondary parallelism 
of the materials is well developed. The rock is without much ques- 
tion a sheared calcareous argillite. This rock lies in line with the 
belt of the calcareous rocks south of Currant Creek, and the two have 
approximately parallel strike and dip. It may be regarded as the 
equivalent of the western part of the calcareous outcrops seen south 
of Currant Creek, or it may be a third, and presumably the highest 
horizon of the limestones. These rocks at all localities observed on 
Lake Clark are thoroughly recrystallized as the result of regional 
metamorphism. The degree of metamorphism is moreover the same 
in each of the recognized horizons. 

The crystalline limestone or marble of the two small areas west of 
Iliamna Bay is a coarse rock composed almost exclusively of large 
grains (one-eighth to one-fourth inch) of calcite. No trace of bed- 
ding or of the original unaltered calcareous material remains. Non- 
calcareous constituents are practically lacking except. for quartz 
veins. 

These masses of marble may possibly be lenses in the surrounding 
gneiss, but they are more probably small detached areas of an 
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unrecognized larger mass, having undetermined structural and strati- 
graphic relationship to the gneiss. 

Age. — ^These calcareous metamorphic rocks have yielded no fossils, 
so the only available evidence of their age must be derived from 
their stratigraphic relation to the rocks in contact with them or from 
correlation on the basis of lithology and sequence. 

The rocks in contact with the limestone of Lake Clark are (1) the 
granitic rocks, (2) the porphyries and tuffs, (3) the mica schists 
and quartzites. The granite, which is presumably early Jurassic, 
is intrusive into the limestone, whidi was metamorphosed and folded 
prior to the intrusion. The porphyries and tuffs, which are prob- 
ably Lower Jurassic, rest unconformably upon the limestone. The 
mica schists and quartzites, which belong at an indeterminate hori- 
zon in the Paleozoic, underlie the limestone without known uncon- 
formity. Their degree of metamorphism is approximately the same 
as that of the limestone. The local evidence thus merely shows that 
the calcareous rocks are certainly pre-Jurassic. 

The coarse crystalline limestone of the two small areas west of 
Iliamna Bay is metamorphosed to the same extent as the surround- 
ing gneisses. It is certainly older than any of the neighboring rocks 
except the gneiss. There is no deiSnite proof of its relation to the 
latter, but it is certainly older than the activities by which the gneiss 
was metamorphosed. 

The crystalline limestones of Lake Clark and of the hills west of 
Iliamna Bay may reasonably be grouped together in the same gen- 
eral position, as they are of the same lithologic character and are 
in both localities associated with schistose and gneissic rocks. Each 
appears from its relations to the neighboring rocks to be certainly 
pre-Jurassic and probably pre-Triassic. They are presumably to be 
correlated with each other, although there is no definite proof of 
their identity. 

The question which next arises is whether these crystalline lime- 
stones can be correlated with any other rocks in this region. The 
other limestones, with which possible correlation must be considered, 
are the fossiliferous Triassic limestone of Iliamna Lake and Iliamna 
Bay, and a limestone of more or less dubious age outcropping south- 
west of Iliamna village (pp. 41-47). 

The possibility of correlating the crystalline limestone of Lake 
Clark with the limestone of Iliamna Lake is suggested by the areal 
distribution of the outcrops. These two limestone belts are of about 
the same width and are approximately in line with each other, being 
separated only by an area of younger and presumably overlapping 
volcanic beds. This naturally encourages a search for evidence that 
they are identical, as does also the fact that at no point within this 
region has a section been found containing two obviously distinct 
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limestones. There are, however, important differences between the 
limestones of these two belts. The limestone of Lake Clark is much 
more strongly metamorphosed, which suggests its greater age. An- 
other difference lies in the intimate association of the limestone of 
Lake Clark with schists, whereas the limestone of Iliamna Lake is 
associated with only igneous rocks. This may, however, be due 
merely to the accidental distribution of volcanic rocks younger than 
the limestones, which have happened at Iliamna Lake to bury all the 
older rocks except a small area of limestone. It is, however, rather 
remarkable that the easily eroded limestone alone should happen to 
protrude through the volcanics at this point. It must consequently 
be concluded that the limestone of Lake Clark can not be correlated 
with the limestone of Iliamna Lake, but must be considered as older. 
The latter is Triassic (p. 46) so the former must belong somewhere in 
the Paleozoic. As the greenstones and slates described below are also 
older than the Triassic limestone, yet are less metamorphosed than 
these crystalline limestones, the latter must belong well down in the 
Paleozoic. The Devonian limestones, which are present in consider- 
able thickness in many parts of Alaska,^ are perhaps their most 
probable equivalents. 

PALEOZOIC OR EABLT MESOZOIC BOCKS. 
SLATE AVD OHSBT. 

Areal distribution, — Slates which are in some places associated with 
chert and other rocks were seen at several localities widely scattered 
throughout this region. The grouping of all these under one head- 
ing depends entirely upon the general lithologic similarity. 

One area of these rocks lies along the face of the mountain west 
of Cottonwood Bay and up the valley at its head. The length of this 
belt and the character of its termination at either end is not known, 
but it does not extend as far north as the valley at the head of Iliamna 
Bay. The adjacent rocks are gneiss and schist on the west side and 
greenstone on the east^ 

Somewhat similar slates witti associated cherts were seen at three 
localities between Kontra^ibuna Lake and Iliamna Lake. One of 
these areas is south of Lower Tazimina Lake, about halfway between 
it and Iliamna Lake. A second is on the mountain 4 miles east of 
the lower end of Lake Clark. The third is on the south shore of Kon- 
trashibuna Lake, not far above the outlet. 

Another area of slates with much associated chert and altered 
igneous rocks and with several thin beds of limestone, were seen on 
either side of Lake Clark just above the mouth of Tlikakila River. 

1 Brooks, A. H., The geography and geology of Alaska : Prof. Paper U. S. GeoL Surrey 
No. 45, 1906, pp. 218-221. 
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These rocks form the west shore of Lake Clark from 2 to 4 miles 
above the mouth of Tlika^la Kiver, and the east ^ore for 3 miles 
above a point opposite the mouth of the same river. The longitu- 
dinal extent of this belt is not known. 

Lithologic ch/iraeter. — ^The slaty rodi^s of Cottonwood Bay con- 
stitute a monotonous succession of many hundred and possibly several 
thousand feet of black slate without characteristic subdivisions 
(PI. IX, A, p. 98), although a few thin beds of limestone and 
quartzite were seen, and possibly some schist or phyllite should be 
included along the western margin. Slaty cleavage is well developed, 
but no evidence of stronger metamorphism was seen. These rocks 
are considered to overlie unconf ormably the gneisses and schists west 
of them, although in the actual contact the slates are apparently 
below. This relation is considered as due to overturned folding or 
faulting. (See pp. 102-103.) The rocks east of the slates are the 
greenstones described below, which apparently underlie the slates, 
although here, too, it is believed that the succession is inverted and 
that the greenstone belongs above the slate. 

Some schistose rocks apparently interbedded with these slates, 
though of rather dubious relations to them, were seen on the trail 
about 2 miles west of Cottonwood Bay, where there are some 
thoroughly metamorphosed rocks with well-developed "flow cleav- 
age." They are made up principally of quartz and biotite of very 
fine grain and with strong dimensional parallelism. In this are 
scattered dark mica plates from 4 to 5 millimeters to 3 centimeters 
in longer diameter. Most of these are thin and lie in the plane of 
the rock cleavage, but a few are more nearly equidimensional, some 
being oblique to the cleavage. These mica plates appear to be aggre- 
gates of crystallographically nearly parallel flakes, lying in the 
plane of the rock cleavage. Quartz and albite are present also as 
small " augen." Zoisite, chlorite, and magnetite were seen in small 
amounts. In one specimen there are abundant small crystals of 
pyrite. The albite augen are generally single large grains with no 
dimensional orientation with respect to the rock cleavage. The 
minute mica flakes inmiediately around them are to some extent 
wrapped about them ; that is, they are parallel with the periphery of 
the albite grains. The quartz augen are aggregates of interlocking 
grains, in some cases larger grains in the central portion and finer 
grains in the thin edge of the " eye," which is drawn out parallel to 
the rock cleavage. 

As to the original character of these schists the evidence is as 
follows : The rock whose thickness is unknown, being something like 
a himdred or a few hundred feet, is overlain and perhaps underlain 
by slates. It may be sedimentary like them or it may be a flow 
or a sill. The microscopic textural evidence is that there were, in 
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the original rock, grains of quartz and aibite and grains of femic 
material out of which the large aggregates of mica plates were de- 
veloped. These conditions would be fulfilled either by a porphyritic 
rock or by a conglomeratic sandstone containing some pebbles of 
basic material. The evidence of the mineral composition is in favor 
of either, though the abundant mica might be taken to indicate a 
somewhat higher femic content than sandstones generally have. 

At each of the three areas of slaty rocks between Kontrashibuna 
and niamna lakes the rocks consist of very fine-grained black slate, 
argillites, or graywackes, and banded, white, gray, and dark-colored 
cherts, or very fine-grained quartzitic rocks. The cleavage in the 
slates is only imperfectly devdoped. These rocks are all minutely 
crumpled and no evidence could be obtained as to their thickness 
and age. The adjacent rocks are all volcanics, which from their 
slight degree of alteration are evidently much younger and which 
are believed to overlie the slates unconf ormably, burying them except 
in the areas noted above and probably in other small undetected 
areas. 

The rocks on the west side of Lake Clark from 2 to 4 miles above 
the mouth of Tlikakila Kiver consist predominantly of chert and 
slate, with some associated beds which suggest altered volcanic rocks, 
and with at least one observed bed of limestone about a foot thick. 
The slate has fairly well developed cleavage ; the limestone, although 
of very fine grain, is somewhat recrystallized ; and the chert is 
apparently unaltered. These rocks differ from the Cottonwood Bay 
slates in being less altered and in the presence of associated cherts 
and igneous rocks. 

Age. — The evidence as to the age of the slates and dierts is very 
unsatisfactory. No fossils have been found in them, or in any rocks 
of neighboring provinces with which they could be correlated on the 
basis of similar lithology and stratigraphic sequence. The strati - 
graphic relations to the areally associated rocks is not of much aid, 
as most of these do not have their own age relations well established. 
It is, moreover, more or less doubtful whether all the rocks of the 
widely separated areas, here grouped under one heading, really be- 
long together. The correlation of these local rocks with each other 
depends chiefly upon general lithologic similarity, the rocks of each 
area differing from the others in considerable detail. 

The slates of Cottonwood Bay are clearly younger than the more 
metamorphosed gneisses and schists west of them, and older than the 
greenstone on the east Their age relative to that of the limestones 
of this and of the other local districts is less clear. They are some- 
what more altered than the limestone on Iliamna Bay and on Iliamna 
Lake, probably not much more altered than the limestone north of 
Meadow Lake, but decidedly less altered than that of Lake Clark. 
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The slates and chert of the district between Kontrashibuna and 
Uiamna lakes are more metamorphosed and distinctly older than 
the volcanic rocks with which they are areally associated. The latter 
are believed to be of early Jurassic age, although the evidence is not 
positive. 

At the head of Lake Clark the adjacent rock masses are chiefly 
granitic. A granite mass, which is intrusive into the slate, lies east 
of them. West of them, on the east side of Lake Clark, is also granite 
upon which the slates are overthrust On the opposite side of the 
lake and west of the slates this fault was not seen, but a granitic 
arkose of undetermined age lies against the slates. This granite is 
supposed to be part of, and of the same age as, the granite on the coast 
of Cook Inlet, which was probably intruded in the Lower Jurassic. 

It may consequently be concluded that the slates are all certainly 
pre-Jurassic, and that at least those on Cottonwood Bay are older 
than the greenstone and hence Paleozoic They are comparable in 
lithologic character and in their general relationships with the slates 
of the Sunrise " series " ^ of the Kenai Peninsula, the Valdez and Orca 
groups* of Prince William Sound, and the similar slaty rocks of 
doubtful age occurring throughout much of the Pacific coastal region 
of Alaska. 

0BEENST0VZ8. 

ArecH distribution. — Altered volcanic rocks here grouped under the 
name of "greenstone" occur at several places within this region. 
Considerable diversity of character exists among them, but they pos- 
sess in common the following features : The presence of original basic 
igneous material, such a degree of alteration that the original char- 
acter of that material in general can not be determined, original 
banding or secondary schistosity or both, and superficial similarity in 
color, texture, and general physical appearance. 

A belt of these rocks extends across the heads of Diamna and Cot- 
tonwood bays and northeastward and southwestward for unknown 
distances. The adjacent rock west of the greenstone at the head of 
Cottonwood Bay is the slate described above (pp. 35-36). Granite 
lies west of the greenstone at the head of Diamna Bay, and also lies 
east of the greenstone belt throughout its known length. 

Another large area of greenstone occupies the mountain southwest 
of Iliamna village between the lower end of the Iliamna Valley and 
Meadow Lake, extending westward to the shore of Pile Bay. It lies 
immediately west of a belt of limestone, the greenstone evidently be- 

^ Mofflt, F. H., Gold fields of the Turnagaln Arm region : Bull. U. S. Oeol. Sarvey No. 
277, 1906, pp. 17-19. 

s Grant, U. S., and Biggins, D. F., Reconnaissance of the geology and mineral re- 
sources of Prince William Sound, Alaska: Bull. U. S. Geol. Survey No. 443, 1910, pp. 
22-33. 
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ing younger than the limesfone, though it is not known whether the 
contact represents unconformity or intrusion (p. 44). Granite is 
intrusive into the greenstone on the shore of Pile Bay. 

A small area of schistose amphibolite of indeterminate origin lies 
along the contact between granite and rhyolite near the mouth of 
Pile Bay. 

Somewhat similar green schist (probably chlOTitic schist) occurs 
on the south shore of Kakhonak Bay near its head. The neighboring 
rocks are much younger altered volcanics, which are believed to be 
unconformable above it and here locally cut through by erosion. 

Schistose greenstone also was seen on the west shore of Lake 
Clark opposite the mouth of Currant Creek. The extent of this 
area and its relations to neighboring rocks were not determined. 

It is possible that the rock on the east shore of Lake Clark from 
4 to 6 miles above the mouth of Currant Creek and on the west side 
of the Tlikakila Valley should also be grouped with this greenstone, 
but it may be only a f acies of the Lower Jurassic porphyries and of 
tuffs, locally intensely altered by intrusion of the large neighboring 
granitic masses. 

PetrograpMc description. — ^The greenstone on Iliamna Bay con- 
sists for the most part of dark-green aphanitic rocks here and there 
marked by whitish and epidote-green bands, and generally slightly 
schistose. In some places, as at the head of Iliamna Bay, the rocks 
show considerable schistosity, possibly due to local shearing, while 
at near-by localities they are rather massive but mottled with 
roundish bright-green spots from 1 inch to about a foot in diameter. 
Under the microscope one of the banded forms is seen to be made up 
largely of epidote, zoisite, and quartz with less important amounts 
of amphibole and feldspar. Variations in size of grain and in rela- 
tive amounts of constituents produce the noticeable banding. Sec- 
ondary (flow cleavage) structure cuts the banding, which is pre- 
sumably primary, at a small angle. From the structure and com- 
position it is assumed that the rock is a metamorphosed volcanic, 
perhaps a tuff. 

The rocks of the area southwest of Iliamna village are for the 
most part thoroughly recrystallized quartz amphibolites or quartz- 
epidote amphibolites, their composition indicating that they have 
been derived from rocks related to diorite or diabase. One less 
thoroughly recrystallized rock from within this greenstone area, 
at a point about 7 miles southwest of Iliamna village (9M52), is 
very probably a partly altered pyroxenite. In it augite is seen 
altering the fibrous amphibole, beside which there is in the section 
some epidote, sericitic material, calcite, and limonite. The beds 
exposed on the shore of Pile Bay from 2 to 4 miles below the mouth 
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of Iliamna River are in part tuffaceous. The rocks of this area as 
a whole are in general not very schistose. 

The greenstones seen near the mouth of Pile Bay, near the head 
of Kakhonak Bay, and on the west shore of Lake Clark opposite 
Currant Creek, are much more altered than any of those described 
above, being completely recrystallized and possessing a thoroughly 
developed schistosity. They are probably to be classed as amphib- 
olites and chloritic schists. No evidence of their origin was ob- 
tainable. They may be locally intensely metamorphosed representa- 
tives of the greenstones of the other areas or may belong among cdder 
series of rocks. 

Age. — ^The greenstone on Cottonwood Bay is in contact with the 
slates described above (pp. 35-37). Although the slates rest upon 
the greenstone the former are considered older, as they are more 
metamorphosed, and the local attitude of the rocks is explained as 
being due to a fault or an overturned fold. 

The contacts of greenstone and granite were seen at many places 
on Iliamna, Cottonwood, and Pile bays. At all of these places it 
is clearly evident that the contact is one of intrusion, the granite 
being younger. The granite is shown below (p. 76) to be of prob- 
able Lower Jurassic age. The gre^istones must consequently be 
Triassic or older. 

The Upper Triassic Kamishak chert at Ursus Cove contains much 
associated igneous material (PI. V, B), some of which closely re- 
sembles the greenstone on Cottonwood Bay. This material is most 
abundant in the lower part of the Ursus Cove section (p. 47), 
the relations suggesting that the Kamishak chert grades downward 
into the greenstone and that the latter possibly belongs within the 
Triassic It should be noted that the Upper Triassic cherts in the 
vicinity of Seldovia are also associated with volcanic material,^ 
chiefly diabase. No evidence was obtainable as to whether these 
rocks were erupted contemporaneously with the deposition of the 
cherts or were intruded later. They were, however, deformed with 
the cherts, and are consequently pre-Jurassic The sioiilarity of 
conditions at Seldovia and at Ursus Cove is striking and suggestive. 

The rocks of other neighboring regions with which these should 
be compared include the greenstone in the lower part of the Orca 
group* of Prince William Sound, and the Nikolai greenstone' of 
the Chitina Valley. The latter underlies the Chitistone limestone, 

1 MofDt, F. H., Gold fields of the Tnrnagain Arm region : Boll. U. S. Geol. Surrey No. 
277. 1906. p. 23. 

s Grant, U. S., and Uiggins. D. F., Reconnaissance of the geology and mineral resourcee 
of Prince William Sound, Alaska : Bull. U. S. Geol. Survey No. 443, 1910, pp. 25-33. 

•Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotslna-Chltlna region, 
Alaska : Bull. U. S. Geol. Survey No. 874, 1909, pp. 23-26. 
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which is of upper Triassic age,^ thus corresponding very closely in 
relation and presumably in position with the greenstone here 
described. 

MESOZOIC ROCKS. 

ITFPBB TBIABSZO EOOKB. 

LIMESTONE. 

Aredl distribution. — ^Upper Triassic limestone is present on the 
north shore of Iliamna Lake at a point west of Chekok Bay and on 
the south shore of Iliamna Bay. The limestone southwest of Iliamna 
village is regarded as probably identical with this, and the already 
described crystalline limestones of Lake Clark and the mountains 
west of Iliamna Bay may possibly be its metamorphosed representa- 
tives. Limestone beds were also seen on the north shore of Ursus * 
Cove and on the south shore of Bruin ^ Bay in intimate association 
with the Kamishak chert. These beds may possibly be identical with 
the limestone here described, but as they have not been cartograph- 
ically differentiated,and as they may be but thin membersof the Kami- 
shak chert, it seems best, temporarily at least, to include them in the 
Kamishak chert and to discuss them under that head in this report 

The limestone on the north shore of Iliamna Lake is exposed in 
the lake cliffs about 3 miles west of the mouth of Chekok River, or 
just east of Millet's copper prospects, which are located on the west- 
em edge of the limestone. The limestone belt is about two-thirds of 
a mile wide, and extends from the lake shore northward over the 
first ridge and down to the edge of the alluvium-floored valley beyond. 
No limestone was seen in the hills north of this valley, but possibly it 
may outcrop at points which were not visited, or more probably it 
may be buried beneath the volcanic rocks which were seen in these 
hills. 

The limestone on Iliamna Bay occupies the cliffs on the south 
shore of the bay from a point due west of White Gull Island to a 
point almost south of it. The outcrop along the shore is somewhat 
over a mile wide, interrupted locally by several masses of igneous 
rock. The area of the limestone south of the bay is not known, but 
an outcrop of limestone was seen on the north shore of Ursus Cove, 
which may possibly be the same limestone as that on Iliamna Bay, 
but it is not believed to be areally continuous with it. 

The limestone of the district southwest of Iliamna village occurs 
in a belt about 1,000 feet wide and is known to extend from a point 
2 miles south of Iliamna village, on the edge of the flats of Iliamna 
Valley, to a point 9 miles southwest of the village, near the north end 

^Mofflt, F. H., and Capps, S. R., The geology and mineral resonrces of the Nlsina dis- 
trict, Alaska : Bull. U. S. Geol. Survey No. 448, 1911, pp. 23-25. 

' Ursus Cove and Bruin Bay are names adopted by the United States Geographic Board. 
These features are known locally and In earlier geologic publications as Bear Cove and 
Bear Bay. ^ t 
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of Meadow Lake. It may possibly extend northward through the 
valley of Iliamna River and southward through the valley of the 
river draining Meadow Lake. In this case the northern termination 
of the belt may be an indefinite distance within the unexplored moun- 
tains, and the southern termination beneath the Tertiary lavas and 
tuffs east of Kakhonak Bay. 

Lithologic character and stratigraphic relationships. — ^The lime^ 
stone on the north shore of Iliamna Lake is a fine-grained blue rock 
wiiii a considerable amount of bituminous matter, which is revealed 
by a strong odor when the limestone is broken. It has been much 
shattered and crushed, the fractures healed by the deposition of 
fine-grained white caldte and some quartz. Otherwise it has not 
been much altered, no coarse crystallization of the noncrushed frag- 
ments having been observed except along the Millet copper lode, 
and there being apparently no development of secondary silicates. 
A part of the formation near Millet's cabin is rather siliceous. 

The exposures in the cliffs on the shore of the lake (locality 1, 
p. 44) have yielded abundant but poorly preserved fossils, chiefly 
corals and moUusks. The corals are abundant, and the bed from 
which the specimens were collected is probably a reef, although the 
field observations, because of the complexity of the structure, are 
rather obscure on this point. It should be noted, however, that the 
identified species are true reef builders^ and that reefs abound at 
this horizon in the Alps, in California, and in all the regionaof lower 
latitude where this fauna is known. The occurrence here described 
is, however, the farthest north that Triassic corals have been found, 
and suggests a hitherto unknown extension of the distribution of 
Triassic coral reefs. 

The stratigraphic relations to the neighboring rocks are obscure 
and offer so little aid in determining the position of the limestone 
that were it not for the presence of characteristic fossils no very 
definite determination of age could be made. The adjacent rocks on 
the south side of the limestone are tuffs which have at their base, 
resting discordantly across the beveled edges of the fossiliferous 
limestone, a bed of volcanic breccia consisting of angular fragments 
of limestone in a matrix of volcanic glass. This is regarded (p. 79) 
as the local base of a series of volcanic beds of Tertiary age. The 
rocks in contact with the limestone on the east and west sides are 
basic igneous masses, which are tentatively correlated on lithologic 
evidence (p. 58) with other volcanic rocks, which are believed to be 
Lower Jurassic. No local evidence of their relationship to the lime- 
stone was obtained. The exposures of limestone are cut off on the 
north by a gravel-covered flat. It may readily be seen that the only 
positive conclusions that can be drawn from the relationships at 

^The writers are indebted to Prof. James Perrin Smith for these facts. 
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this locality are that the limestone is pre-Tertiary and that a pro- 
found unconformity separates it from the Tertiary beds. 

The limestone on the south shore of Iliamna Bay is a large mass 
complexly folded so that no idea of its thickness may be obtained, 
and contains within its area intruded or structurally included masses 
of igneous rock. The limestone is white and blue, fine-grained, much 
shattered, the fractures healed with calcite, and very slightly altered 
save by this crudiing and healing. In all this it resembles the lime- 
stone on Iliamna Lake, as it does also in the presence of .a fauna 
which includes corals. 

The associated rocks are amygdaloidal basaltic tuffs of inde- 
terminate relationship on the west side and younger granitic intru- 
sives on the east. The tuffs are probably Lower Jurassic (p. 58), 
but their structural relationships with the limestone have not been 
determined. The granitic rocks are believed to be late Lower Jurassic 
or Middle Jurassic (p. 76). They are intrusive into and hence 
younger than the limestcme, which must consequently be pre- Jurassic. 

The lithologic character and degree of metamorphism of the lime- 
stone at this locality is not very different from that of the limestone 
on Iliamna Lake. Fossils are present (locality 2, p. 44), but the 
fauna is scanty and poorly preserved and can not be definitely cor- 
related with that from Iliamna Lake. Nevertheless the suggesticm 
of identity of the limestone» of these two localities, from tiie com- 
bined evidence of lithologic similarity, degree of alteration, and 
presence of approximately similar coral faunas, is very strong. It 
should be remembered that this locality is about 34 miles east of the 
locality of Iliamna Lake and across the granitic Chigmit Mountains. 

The limestone southwest of Iliamna village is of the same general 
character as that on Iliamna Lake and on Iliamna Bay. It evidently 
was originally a rather pure and homogeneous rock. It is intricately 
folded and intensely crushed and shattered, but is not, however, 
greatly metamorphosed, coarse and thorou^ recrystallization being 
apparently largely confined to the lode zones. This rock is somewhat 
more altered than the limestone on the north shore of Iliamna Lake, 
but decidedly less so than that on Lake Clark. In its relation to the 
schist it resembles the latter, although there is here a strong sugges- 
tion of greater alteration of the schist than of the limestone and pre- 
sumably of an important time break between their dates of deposi- 
tion. The character of the folding is such that no estimate of thick- 
ness can be made. 

The adjacent rocks are gneisses and schists on the east and altered 
basic igneous rocks (greenstone) on the west. Several masses of 
schist occur within the limestone, but whether they are interbedded 
or brought in by structural disturbances is not known. The latter is 
believed to be more probable, since the schists are apparently more 
metamorphosed than the limestone. 
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This limestone, which is about 13 miles distant from that on 
Hiamna Bay, has yielded no fossils and can be correlated with the 
limestone at the other localities of the region only on lithologic evi- 
dence. Its relation to the rocks in ccmtact witii it contributes a little 
to the evidence of its age. The gneisses and schists east of it are con- 
siderably more metamorphosed than the limestone and are believed 
to be unconformably below it and much older. The age of these 
rocks is, however, not known, so they give no proof of the age of the 
limestone. The fact that this limestone is less metamorphosed than 
the neighboring schist and gneiss, whereas the limestone of Lake 
Clark is metamorphosed to the same degree as the schist in contact 
with it, makes it necessary to conclude that if the limestone of Lake 
Clark and that southwest of Iliamna village are of the same age 
then the schists underlying them in the two districts are of different 
ages, or else the schist and gneiss in the latter district were meta- 
morphosed prior to the deposition of the limestone and that in the 
former district subsequent to it. The rocks in contact with the lime- 
stone on its west side are altered basic igneous masses, originally dia- 
base or diorite in composition and in part tuffaceous, but now altered 
to greenstone. These rocks are certainly older than the Lower or 
Middle Jurassic granite which is intrusive into them, and c(mse- 
quently are probably Triassic or older. (See p. 40.) The greenstone 
appears to be younger than the limestone, although the exact rela- 
tions have not been positively established. The doubtful point is 
whether certain basic igneous rocks which are known to be intrusive 
into the limestone are an integral part of the main greenstone mass 
or are younger intrusions along the contact. Upon this point de- 
pends the determination of the age of the limestone. If the green- 
stone as a whole is younger than the limestone then the latter is pre- 
Triassic and probably belongs with the crystalline limestone de- 
scribed above (pp. 82-34) rather than with those under discussion 
here. If, however, the basic rocks which cut the limestone are not 
part of the main greenstone mass, then there is no local proof as to 
the relative ages of the limestone and greenstone, and they can be 
correlated, as the lithologic evidence seems to warrant, with the 
similar rocks on Iliamna Bay. This interpretation of the strati- 
graphic relationship is accordingly adopted, even though it can not 
be regarded as positively established. 

Fauna. — ^Marine fossils have been collected from the following 
localities : 

Locality 1.— North shore of Iliamna Lake, 3 miles west of mouth of Ohekok 
River (near Millet's camp). 

Locality 2.— South shore of Iliamna Bay, 1.1 miles S. 75' W. of west end of 
White GuU Island. 

These collections were referred to Dr. George H. Girty, and on his 
determining them to be of Triassic age they were placed in the hands 
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of Prof. James Perrin Smith, who is making an extensive study of 
the American Triassic faunas. The most striking feature of the 
present collections is that they consist largely of species of corals. 
Prof. Smith was already familiar with a closely related coral fauna 
in the Triassic of California and confined his report to the fossib' of 
that zoologic group. Both reports are quoted below. Dr. Girty 
writes: 

The largest collection, and that furnishing the most varied f^una, is from 
locality 1. The dominant types of this founa are the corals, to which I shall 
refer later. There are in addition an echinoid spine, a large number of frag- 
mentary and iU-preserved pelecypods, a smaller number of gastropods, which are 
likewise and for the same reason undeterminable, and two ^)ecies of brachio- 
pods. There are evidently several types among the gastropods, and also among 
the pelec3rpods. One of the latter is marked by radiating ribs and has the gesi- 
eral appearance of Pecten, Lima, Paeudomonotis, etc. TTiere may he two species 
of this sort One of the brachiopods, represented by several fragments, is prob- 
ably a terebratuloid, but its generic afllnities are doubtful. The other species 
is fairly abundant, and it is provisionally referred to Bittnerula. This is a 
rather small plicated shell with ribs also on the fold and sinus. The ven- 
tral valve is high and conical, with a high area marked by longitudinal strlse, 
which give the hinge a crenulated appearance. The shell substance is punctate. 
Fragments of the spiral arms can be seen on the inside. There are also short 
dental plates which converge and unite with the septum, as in Cyrtina and 
Bittnerula. All the Cyrtinas have a simple fold and sinus. 

******** 

A comxMirison of the corals with those described by Freeh ^ from the Alpine 
Trias reveals a striking resemblance between the Alaskan forms and those from 
the Alp& This is true of the astrseid corals and is especially significant in the 
case of the spongiomorphine and tubularian forms. In view, therefore, of the 
fact that this fauna is completely unlike not only any Paleozoic faunas known 
from Alaska, but any known from North America, and that the corals are In the 
main of types unknown in the Paleozoic and show on the contrary marked affini- 
ties with Triassic corals, I am strongly of the opinion that the geologic age of 
this fauna is Triassic, in spite of the fact that it is unlike any of the known 
Triassic faunas of Alaska. If this opinion is correct, the occurrence in Alaska 
of this coral fauna of the Alpine Trias, and especially the development there 
of the singular group of c^ngiomorphine corals, is new and important. 
******* 

Lot 2, from Iliamna Bay, contains a number of vague, imperfect shapes, of 
probably pelecypods, a few small corals, also indeterminable (cf. the form com- 
pared with Thecosmilia) and an imperfect ifa/o&ta-like type suggestive of some 
of the Halobia8 which have been brought down from the Triassic of Alaska 
elsewhere. 

These collections will be described in detail in a future publication 
by Prof. James Perrin Smith, who has submitted the following 
preliminary report on them : 

The coral fauna is certainly Upper Triassic, of the lower Noric horizon. The 
species are closely allied to the Zlambach coral fauna of the Fischerwiese 

^ Freeh, Fritz, Die Korallenfauna der Trias: Palaeontographica, vol. 37, 1800, pp. 1- 
116, PU. 1-21. 
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locality in the Alps, which is the best Noric coral fauna known. Some of the 
tq;)ecie8 are probably identical with forms I have collected in the Upper Triassic, 
Noric horizon, of Shasta County, Cal., and are represented by kindred forms in 
the Blue Mountains of Oregon. 

These forms will have to be sectioned and studied with the microscope before 
positive identifications can be made, but the forms capable of more definite 
determination, and their probable aflinities, are listed below : 

Preliminary list of fosaUs from the limestone on Iliamna Lake, 

Thecosmilia cf. fenestrata Reuss (also in Shasta County, Cal.). 

Isastrsea cf. profunda Reuss (also in Shasta County, Cal.). 

Phyllocoenia cf. incrassata Freeh. 

Phyllocoenia cf. decussata Reuss. 

Stylophyllopsis cf. mojsvari Freeh (also in Shasta County). 

Astroccenia cf. waltheri Freeh (probably same as in the Noric of 

Nevada). 
Stylophyllopsis cf. zitteli Freeh. 

Heterastridium sp.? (probably' the same as in Oregon). 
Spongiomorpha sp.? (probably the same as in Oregon). 

Age and correlation. — ^The paleontologic facts presented above 
clearly establish the age of the limestone on Iliamna. Lake as Upper 
Triassic, and suggest the same age for the limestone on Iliamna Bay. 
The local stratigraphic relationships at the exposures of limestone 
on niamna Lake and Iliamna Bay prove only that the former is 
older than the Tertiary volcanic rocks and that the latter is older 
than the early Jurassic granite. The lithologic similarity of the 
limestones at these localities and the absence of anjrthing which sug- 
gests discrepancy in age make it reasonable to assume that they are 
the same. The local stratigraphic evidence may also be considered as 
showing, with a fair degree of certainty, the identity of ^^ limestone 
southwest of Iliamna village with that at the fossil localities, and 
as being perfectly in harmony with the assignment of the fossils to 
the Upper Triassic. 

This limestone corresponds in its general character, as well as in 
its stratigraphic relationships, with the Chitistone limestone^ of the 
Chitina Valley. It is similar in sequence, as is shown by the fact 
that the Chitistone limestone is overlain conformably by the 
McCarthy shale, which carries the same fauna as does the Kamishak 
chert, and is underlain by greenstone, as the limestone here under 
discussion is believed to be. The Chitistone limestone is now known 
to carry an Upper Triassic fauna, including Pseudomonotis subcir- 
cnilaris and Halohia cf. Bwperba? It should be noted that neither 
of these species has been recognized with certainty in the limestone 
of Iliamna Lake and of Iliamna Bay, but that they do occur (p. 48) 

^Mofflt» F. H., and Maddren, A. O., Mineral resources of the Kotsina-Chttlna region, 
Alaska: Boll. U. 8. Geol. Survey No. 874, 1009, pp. 25-2& 

*Mofflt, F. H., and Capps, S. R., The geology and mineral resources of the Niztna 
district, Alaska : Bull. U. S. Geol. Survey No. 448, 1011, pp. 28-2S. 
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in beds referred to the Kamidiak chert. Part of theee, including the 
limestone bed at Bruin Bay, from which Stanton collected Halobia 
cf. superba^ should possibly be included (p. 50) in the limestone 
formation here under discussion. 

KAMISHAK CHEBT. 

Areal distribution. — The Kamishak chert is typically exposed on 
the west shore of Kamishak Bay, especially in the vicinity of Bruin 
Bay. These rocks occupy practically all of the peninsula on the 
south side of Bruin Bay and also appear to form most of the 
southern shore of the bay west of the peninsula, as well as the 
eastern half of the north shore of the bay. These exposures are part 
of a northeast-southwest trending belt which occupies the coast of 
Kamishak Bay for 3 or 4 miles north of the entrance to Bruin Bay 
and probably also from the fourth to the seventh mile southwest of 
the entrance. 

The same rocks were seen on Ursus Cove, where they occupy the 
greater part of the north shore, and extend thence northward in an 
apparently continuous belt to the south shore of Cottonwood Bay, 
near its head. At this last locality several hundred feet of chert is 
exposed in the cliffs just east of the low pass leading southward to 
Ursus Cove. 

Lithologic character. — ^These rocks, where exposed on Bruin Bay, 
consist of thin-bedded chert, black calcareous shale, and impure lime- 
stone. The chert and limestone are generally black, green, or dark 
red when fresh, but weather to lighter shades. The whole series is 
complexly crumpled and faulted (see PI. V, J., p. 40) and is cut 
by a multitude of small calcite veins. A large mass of quartz diorite, 
intrusive into these rocks at the end of the peninsula on the south 
shore of Bruin Bay, has locally transfor^ned the limestone into white 
crystalline marble. 

At Ursus Cove the predominant rock is the chert, which occurs in 
massive beds, interstratified with thinner beds of limestone, shale, and 
sandstone. In the lower part of the section at Ursus Cove there are 
large amounts of fine-grained, green igneous rock, intimately but 
obscurely associated with the chert. (See PI. V, 5, p. 40.) It is 
somewhat doubtful whether it is intrusive or interbedded. This rock 
is somewhat altered, especially in the formation of epidote, and re- 
sembles in a way the greenstone at the head of Cottonwood Bay. A 
bed of limestone exposed at the mouth of the creek which heads near 
Cottonwood Bay is of importance, as it has yielded a few fossils 
which are discussed below. (Lot 3, p. 48.) This limestone was re- 
garded in the field as a thin bed interstratified with and a member 
of the Kamishak chert, because of the presence, practically in contact 
98153**— Bun. 485—12 4 
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with the limestone, of chert beds which are essentially identical in 
lithologic character with those interbedded with the shales from 
which Stanton collected Pseudomonotis suhcircularis in the same 
cliffs and only a short distance away, and because of essentially the 
same degree of alteration in the limestone and in the known Triassic 
beds. It was furthermore concluded in the field that this limestone 
was decidedly less metamorphosed than the limestone only 6 miles 
distant on Iliamna Bay, and was hence presumably younger and sepa- 
rated from it by a considerable time and structural break. This 
conclusion was supported by the fact that the cherts are found on 
Cottonwood Bay, only 2 miles from the limestone on Iliamna Bay, 
and are no more altered than on Ursus Cove. From these facts it 
seemed evident that the limestone at Ursus Cove was but a member 
of the Kamishak chert and that the limestone at Iliamna Bay was 
considerably older. Other possibilities must, however, be admitted. 
The structure at the Ursus Cove locality is complex and it is entirely 
possible, so far as the field observations are concerned, that the lime- 
stone is part of an older formation folded or faulted in with the 
Kamishak chert. If this is the case the limestone may well be the 
same as the Triassic limestone described above. 

The exposures seen at Cottonwood Bay consist entirely of chert. 
These exposures, however, are not extensive, and probably only a 
small portion of the formation is represented. 

The total thickness of the formation is not known, the beds 
being so disturbed that no accurate measurement could be made. 
At Ursus Cove the thickness probably exceeds 2,000 feet and may 
be much greater. 

Fauna. — Fossils have been collected from the shales and lime- 
stones interbedded with the chert beds in this formation at Ursus 
Cove and at Bruin Bay. These, according to Stanton's determina- 
tion, consist of Pseudomonotis suhcircularis (Gabb) from Ursus 
Cove, and Hdlohia cf. superha M ojsisovics from Bruin Bay. 

The limestone at Ursus Cove, described above (p. 47), has yielded 
a few fossils, which have been examined by Dr. Greorge H. Girty, 
who says of them : 

They are much less extaisive and diagnoBtie than the fossils from the Tri- 
assic limestone on Iliamna Lake (p. 45), but are connected with the latter by 
a massive astrseid coral having simUar characters with one of them. There 
are in addition a gastropod having the general shape of Natica or Xaticopis 
and a pelecypod probably belonging to one of the subgenera of Cardium, 

Age and correlation. — ^The Pseudomonotis and Halohta mentioned 
above are characteristic Upper Triassic species and clearly establish 
the Upper Triassic age of this formation. 

Among the rocks of other Alaskan regions with which these should 
be compared are beds from Cold Bay on the Alaska Peninsuk from 
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which Pseudomonotis suhcircularis was described by Fischer* as 
Monotis scdinana Bronn, and from which the same species has sub- 
sequently been collected by Stanton.^ The presence of this species 
as well as the similarity of the rocks is sufficient to determine the 
equivalence of these beds with those at that locality. 

The cherts and associated igneous rocks on Uie west shore of 
Kenai Peninsula * at Halibut Cove, Seldovia, and Port Graham, have 
previously been correlated* with these rocks on the basis of the 
lithologic similarity, and of the relation to Lower Jurassic beds 
which apparently overlie them imconformably. These rocks were 
reexamined in 1909 by Grant and Higgins.* Though they found 
no fossils in the rocks which they regarded as belonging indisputably 
to these cherts and tuffs, they collected HdLdbia cf. superha from 
cherts and limestones which they regarded as conformably beneath 
the previously recognized Lower Jurassic beds. 

The McCarthy shale of the Chitina Valley, which consists of shales 
interbedded with thin limestones, is also characterized by the pres- 
ence® of Pseudomonotis suhcircularis. The stratigraphic relation- 
ship of the McCarthy shale to the conformably underlying Chiti- 
stone limestone is likewise similar to the apparent relationship be- 
tween the Kamishak chert and its subjacent limestone. 

A somewhat similar and possibly equivalent fauna, which, among 
other forms, includes Pseudomonotis suhcircularis and Halobia 
superba (?) has been found by W. W. Atwood in limestones at 
Hamilton Bay, Kupreanof Island, in southeastern Alaska.'' 

The beds outside of Alaska with which these may be compared 
include the Swearinger slate, which is the uppermost Triassic forma- 
tion of California and which is characterized by Pseudomonotis sub- 
circularise The relations of this formation to the other Triassic 
rocks of California, including the beds characterized by Halobia 
superba^ has been discussed by Prof. James Perrin Smith.® It 
should be noted that these two fossils are regarded by Smith as 
characteristic, in California and elsewhere, of separate zones. The 

* Fischer, M. P., Sur quelques fossiles de TAlaska : Compt. Rend. Acad. Scl., Paris, vol. 
75, 1872, pp. 1784-1786. Also In Plnart's " Voyages k la cOte nord-ouest de TAmtfrlque," 
pt. 1, Paris, 1876, pp. 33-36. PI. A. 

•Bull. Geol. Soc. America, vol. 16, 1905, pp. 394-396. 

'Emerson, B. K., General geology: Harriman Alaska Expedition, vol. 4, 1904. pp. 26. 
27. Moffit, F. H., Gold fields of the Tumagaln Arm region : Bull. U. S. Qeol. Survey No. 
277, 1906, pp. 19-20. 23. 

« Stanton, T. W., and Martin, G. C, Hesozolc section on Cook Inlet and Alaska Penin- 
sula : Bull. Geol. Soc. America, vol. 16, 1905, p. 393. 

* Grant, U. S., and Hlggins, D. F., Preliminary report on the mineral resources of the 
southern part of Kenai Peninsula : Bull. U. 8. Geol. Survey No. 442, 1910, pp. 167-168. 

• MoflSt, F. H., and Capps, S. R., The geology and mineral resources of the Nlzina 
district, Alaska : Bull. U. S. Geol. Survey No. 448, 1911, p. 30. 

T Wright, F. E. and C. W., Bull. U. S. Geol. Survey No. 347, 1908, p. 57. 

• The comparative stratigraphy of the marine Trias of Western America : Proc. Cali- 
fornia Acad. Scl., 3d ser., vol. 1, 1904, pp. 323-430. 
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Pseudomonotis he regards as characteristic of the highest California 
Triassic beds, being the equivalent of the Noric stage of the European 
geologists, and the Halohia as characteristic of beds lower down, and 
within the Hosselkus limestone, the European equivalent being the 
Kamic stage of the Upper Triassic A suggestion of a somewhat 
similar range is found in Alaska, where the Bcilohia is found in the 
Chitistone limestone but not in the overlying McCarthy shale, in the 
limestone members (?) provisionally referred to the Kamishak chert 
but not in the typical and presumably higher beds of the formation, 
and in the beds of less certain horizon at Port Graham and Hamilton 
Bay. The Pseudomonotis is abundant, and is practically the only 
fossil in the typical beds of the Kamishak chert, in the presumably 
equivalent beds at Cold Bay, and in the McCarthy shale. It is re- 
ported, however, from the Chitistone limestone and from beds sup- 
posed to be below those which yielded UoHohia at Hamilton Bay. 
This indicates, if the species and the horizons from which they have 
been collected have been correctly determined, that these species have 
in Alaska a somewhat different range from that which is supposed 
to be characteristic of them elsewhere. It is probably safer to assume 
the range to be the same and to look for specific differences or for 
errors in the field identification of horizons. The presence of Halo- 
bia in the limestone beds at Bruin Bay should perhaps be accepted 
as evidence that these beds are not members of the Kamishak chert 
but belong in or below the older Triassic liniestone. 

Beds carrying identical or closely related species of Pseudomafwtis 
are known on Vancouver Island, the Queen Charlotte Islands, the 
mainland of British Columbia, and in Siberia and northern Europe. 

LOWER JimASSIO (f) ROOKS. 
P0RPHYBIE8 AND TUFFS. 

Areal distribution. — ^The rocks discussed under the above heading 
have been found in three districts: (1) On the shores of Iliamna Bay 
and elsewhere slong the west coast of Cook Inlet; (2) north of 
Iliamna Lake from the valley of Chekok River northward through 
the valleys of Lower Tazimina and Kontrashibuna lakes to Lake 
Clark, possibly extending thence westward; and (3) at several de- 
tached areas on the south shore and on some of the islands of 
Iliamna Lake below Pile Bay. These rocks may or may not be of 
the same age. They are grouped together, in the absence of proof 
that they should be separated, for purposes of convenience, although 
it is admitted that further studies may show this grouping to be 
erroneous. 

The rocks of the first district include those exposed on the south 
shore of Cottonwood and Iliamna bays and on the north shore of 
Iliamna Bay east of A. C Point. These appear to be part of a 
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more or less continuous belt extending parallel to the coast of Cook 
Inlet, other exposures of which are on the south shore of Ursus Cove, 
on the west and north shores of Iniskin Bay, near the head of 
Chinitna Bay, and on the western anrm of Tuxedni Bay. 

The second district includes an area east of the Newhalen Valley 
and of the southern half of Lake Clark and west of a line from the 
mouth of Chekok River to a point about two-thirds of the way up 
Kontrashibuna Lake. Most of the east shore of Lake Clark for a 
distance of about 8 miles above Tanalian Point also falls within it. 
It probably includes also an area between Currant Ci*eek and 
Kontrashibuna Lake, and areas west of Lake Clark. 

The third district includes four detached areas on the south shore 
of Iliamna Lake. The easternmost of these extends from near the 
mouth of Pile Bay, 15 miles below the head of the larke, to a point 27 
miles below the head of the lake. Similar rocks occur near the head 
of Kakhonak Bay, and along the south shore of the lake from a point 
4 miles west to 7 miles west of Kakhonak village and from 25 miles 
east to 19 miles east of the outlet of the lake. The islamds south of 
Knutson Bay, as well as the north shore of Iliamna Lake between 
Kjiutson and Chekok bays, are also probably to be included in this 
district. These rocks show considerable difference in lithologic 
character from the volcanic rocks of Iliamna Bay and elsewhere 
in the first district on the west coast of Cook Inlet, which are de- 
scribed above. They appear, however, to correspond with them in 
general relation to the neighboring rocks, although little definite 
evidence of their age and relations is to be had. The same state- 
ments may be made concemii^ their relation to the rocks described 
from the second district. 

Lithologic cJiaracter in Cook Inlet district. — ^A thick series of vol- 
canic beds, which include both flows and tuffs, overlies the Kamishak 
chert on the south shore of Cottonwood Bay with apparent con- 
formity. Amygdaloidal basalts and volcanic agglomerates are among 
the more characteristic rocks of this series. Similar rocks were seen 
on the north shore of Iliamna Bay where they include fine-grained 
green and gray felsitic rocks and tuffs, in part cherty, invaded by 
large dikes of quartz-feldspar porphyry, and also on the south shore 
of Ursus Cove where quartz porphyry tuff, andesite, and andesitic 
and rhyolitic agglomerates are present. The belt also extends north- 
ward from Iliamna Bay, being exposed on the west and north shores 
of Iniskin Bay, where basalt, gabbro, and tuff are present; near 
the head of Chinitna Bay, where it includes olivine basalt and tuff, 
and on the upper arm of Tuxedni Bay, where quartz porphyry, 
augite andesite tuff, and quartz porphyry tuff were seen. 

The basalts seen on Ursus Cove and Iliamna Bay are dark 
amygdaloidal porphyritic rocks containing small phenocrysts of 



Digitized by VjOOQ IC 



52 RECONNAISSANCE OF lUAMNA REGION^ ALASKA. 

basic plagioclase, augite, olivine (mostly serpentinized), and mag- 
netite. The groundmass is a fine-grained holocrystalline aggregate 
of plagioclase, augite, and iron ores. Serpentine, calcite, opal, quartz 
and chalcedony, and limonite appear as secondary minerals and in 
the amygdules. 

Augite andesites were found on the south shore of Tuxedni Bay 
and on Iliamna Bay. These are much-weathered rocks. Originally 
they had a groimdmass of plagioclase and magnetite in which were 
phenocrysts of plagioclase and pyroxene, either diopside or augite. 
These latter minerals are now largely serpentinized or uralitized. 

Andesites were seen on Chinitna Bay and Ursus Cove. The 
Chinitna Bay rock is a fine-grained, holocrystalline, slightly por- 
phyritic rock composed largely of plagioclase, which is the only 
primary constituent now recognizable. Chlorite, serpentine, and iron 
oxides are present as secondary minerals. 

The andesites of Ursus Cove are fine-grained porphyritic rocks 
considerably weathered. The groundmass contains plagioclase, a 
little quartz, and magnetite or ilmenite, together with secondary 
chlorite, calcite, and epidote. The phenocrysts are of plagioclase, 
about oligoclase or andesine in composition, so far as their weathered 
condition permits determination. 

The quartz porphyries from Tuxedni Bay, Iliamna Bay, and 
Ursus Cove are greenish or dark porphyritic rocks with felsitic 
groundmass. The phenocrysts are corroded and embayed quartz 
and euhedral acidic plagioclase, in some specimens also magnetite. 
The groundmass is microcryptocrystalline to microcrystalline and 
seems to be composed chiefly of quartz and feldspar. Most of these 
rocks are considerably altered. The feldspars are clouded, and 
calcite, epidote, and limonite are abundant. 

Pyroclastic rocks in association with the above rocks were found 
at all the localities. Those which are entirely clastic are designated 
tuffs. They consist of angular or subangular fragments of micro- 
crystalline igneous rocks, quartz porphyries, andesites, and the like, 
of fragments of quartz and feldspar, and of crystals of quartz and 
feldspar all embedded in fine fragmental binding material whose 
nature is more or less obscured by its fine grain and by alteration. 
In some of these rocks there is notable uniformity in the size of most 
of the grains, in others there are grains of all sizes from fragments 
of several inches in diameter to submicroscopic grains. These rocks 
are all thoroughly indurated. Calcite, limonite, a little epidote, and 
serpentinous or chloritic material were detected in the matrix. Some 
of these rocks are distinctly stratiform. One such from Iliamna Bay, 
which is exceedingly fine grained, has a cherty appearance. 

Other pyroclastic rocks, designated volcanic agglcMnerate, were 
found on Iliamna Bay and Ursus Cove. At the first-named locality 
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there is a rock, composed of basic andesite or basalt, included in a 
matrix of amygdaloidal basaltic glass. The amygdules are of calcite 
and serpentine ( ?). On Ursus Cove the rocks of this class consist of 
fragments of altered feldspar, quartz, and of several kinds of micro- 
crystalline igneous rock embedded in a base of cryptocrystalline 
eutaxitic lava. 

Lithologic character in Lake Clark district. — Large areas around 
Lower Tazimina Lake and from there northward to Lake Clark are 
underlain by a group of rocks of porphyritic texture ranging in com- 
position frcHn acid rhyolites, through quartz porphyries, dacites, and 
mica andesites to intermediate hornblende andesites. Among these 
is a rhyolite (9AKz41) from a point 9 miles north of the mouth of 
Chekok River. This is a light-gray rock with small glassy quartz 
and white feldspar grains thickly studded in a lithoidal base. Under 
the microscope are seen phenocrysts of quartz, feldspar, and biotite. 
The quartz grains are generally without crystal outlines and many 
have "corrosion embayments.'* The feldsj)ars include both ortho- 
clase, slightly weathered, and plagioclase (about Ab^Aui) quite 
fresh. These as a rule are euhedral. Biotite is less abundant than 
the quartz and feldspar and is considerably altered to chlorite. 
Numerous splinters of the above minerals are embedded in the 
groundmass, which is cryptocrystalline and shows flow texture. 

Another of these rocks, at a point about 1^ miles southeast of the 
head of Lower Tazimina Lake, is a quartz porphyry (9AKz43), 
which is a dark felsitic rock in which minute quartz and white feld- 
spar grains are macroecopically visible. The microscope reveals 
small abimdant grains of quartz and acid plagioclase, commonly 
euhedral, and also a little biotite. The groundmass is a fine-grained 
intergrowth of quartz, feldspar, hornblende, and biotite. Small 
amounts of magnetite and apatite are present as minute crystals. 

On the mountain 8 miles north of the mouth of Chekok River 
there is a dacite, a whitish light-gray microgranular rock (9AKz28), 
in which phenocrysts of feldspar are visible in the hand specimen. 
Under the microscope phenocrysts of acid plagioclase, biotite (much 
altered), and small magnetite grains are seen in a microgranitic 
groundmass of quartz and feldspar with small amounts of minute 
biotite and magnetite. 

A hornblende andesite (9AKz35) from a point about 9 miles north 
of the mouth of Chekok River is a dense dark-gray rock in which 
small feldspars and hornblende grains are visible. Under the micro- 
scope plagioclase (about andesine so far as determinable) and horn- 
blende are found as phenocrysts in a groundmass in which only plagio- 
clase and magnetite are recognizable. Between these feldspar grains is 
an indeterminable base which is in part isotropic and may be glass. 
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The Roadhouse Mountain area is represented in the collections by 
an andesite (9M140) very fine grained and badly weathered (to which 
a rock (9M139) on Newhalen River is very similar) and a quartz 
porphyry tuff, consisting of fine angular fragmental quartz and feld- 
spars in a seemingly fragmental binding material. These rocks are 
similar to some in the Tazimina area. Both of these specimens are 
frcwn the southwest face of the mountain, and it is not known whether 
or not they are representative of the rest of the mountain mass, which 
was not examined. 

These rocks usually have feldspar and sometimes quartz phenocrysts 
and rarely macroscopic ferromagnesian minerals. The groundmass, 
microcrystalline to cryptocrystalline and here and there eutaxitic, 
varies from bluish white or gray to black. Associated with these 
are tuffs, some composed of angular fragments of porphyry em- 
bedded in either a felsite or porphyry base, or again in a fine frag- 
mental base, and others composed chiefly of fine feldspar crystals 
and fragments in a minutely comminuted base. The agglomeratic 
character of some is strikingly apparent, whereas others show it only 
faintly on weathered surfaces and still others resemble indurated 
grits or gray wackes, and finally some which are light buff to purplish 
in color have soft sandy texture. These rocks seem to be related to 
one another as a succession of products of volcanic eruption. The 
various types in so far as any structures are discernible seem to lie in 
successive or alternating belts. This is particularly well shown on 
and near the mountain 8 miles north of the mouth of Chekok River, 
where a similar order of succession, gray dacite, eutaxitic vesicular 
vitrophyre, bluish felsophyre, and fine-grained black basalt is en- 
countered on the southeastern and northern sides. About 6 miles 
south of Tanalian Point there are pOTphyries distinctly interbedded 
with tuffs, the whole formation there having a minimum observed 
thickness of 2,000 feet with uniform strike N. 65° W. (magnetic) 
and dip 25° NE. All these rocks are indurated but are internally 
undeformed and are altered only by weathering and cementation 
processes. 

Fine-grained granular rocks occupy an area northward from the 
head of Lower Tazimina Lake for about 4 miles. These are of very 
fine grain, light color, usually with porphyritic texture and in many 
places miarolitic. They show considerable variation in appearance, 
and in the distribution of the different types of rock suggest a series 
of thick flows in approximately horizontal position. Mineralogi- 
cally they consist of quartz, orthoclase, and acidic plagioclase with 
subordinate amounts of common hornblende or biotite or both. Horn- 
blende in some is more abundant and important; others again are 
more basic, consisting only of plagioclase and pyroxene. These rocks 
should probably be considered part of the "porphyry and tuff" 
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formation and not be grouped with the neighboring granites. They 
have about the same range in composition as the porphyries and 
tuffs, and though granitic they are generally also fine-grained, porphy- 
ntic, and miarolitic in texture, indicating crystallization under slight 
pressure, perhaps of thick flows at the surface. They seem to have 
the same bedded flow distribution as the porphyries and tuffs which 
they adjoin directly on the north and west. In the field only a part 
of them were recognized as granitic and they were provisionally 
mapped as identical with the porphyries and tuffs. 

Summarizing, it may be said that these rocks range in composition 
from quartz alkali feldspar rocks with only small amounts of femic 
minerals to augite andesites. Their textures are usually porphyritic 
with aphanitic or exceedingly fine granular groundmass, and not 
infi-equently flow structures are evident. Tuffs and agglomerates of 
like composition are intermingled with these rocks. Some are of 
coarse and angular grain which distinctly reveals their true nature, 
but associated with them, and in places connected with them by in- 
termediate types (gradation phases), are considei*kble masses of 
dense aphanitic, light-colored, and banded rocks which were desig- 
nated " chert " in the field but which on study appear to be thor- 
oughly indurated pyroclastics of very fine grain. 

In general these rocks as a group are not fresh. The feldspars as 
a rule are more or less completely kaolinized or saussuritized. The 
hornblendes and biotites are largely altered to chlorites and iron 
oxides, etc. Epidote, calcite, chlorite, quartz, and iron oxides (limo- 
nite) are abundant along fractures and in vesicles of the scoriaceous 
and tuffaceous members. The tuffs for the most part are thor- 
oughly indurated. 

The southern part of the hill on the west shore of Lake Clark 
just above the mouth of Tlikakila River is occupied by rocks, part 
of which were regarded in the field as conglomeratic arkoses and part 
as porphyry breccia. These are light-colored, white and gray com- 
pact rocks, of which the constituents visible to the naked eye in- 
clude, in some specimens, crystals and fragments of feldspar, and 
in other specimens bits of cherty looking material and of aphanitic 
porphyries which are generally rounded rather than angular. Three 
specimens under the microscope reveal material which is very much 
altered and fine grained and therefore of obscure relationships, but 
which indicates a tuffaceous rather than normal sedimentary char- 
acter. In one rock, from the lake shore about a mile above Tlikakila 
JRiver, bits of felsite and feldspar fragments, all more or less angu- 
lar, are seen in a base too fine for determination. Another thin sec- 
tion of a rock near by shows small areas which, though obscure be- 
cause of fine grain and decomposition, suggest in some cases micro- 
granitic and in others eutaxitic porphyritic textures. Other areas 
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in the thin section are a jumble of much-altered feldspar (largely 
plagioclase), quartz, pyroxene, and biotite (?) with accessory 
amounts of apatite, ilmenite, magnetite, and pyrite (?) in a fine-grained 
mat in which are quartz, limonite, feldspar (?), and other uniden- 
tifiable material. Secondary calcite is abundant. The rock has the 
appearance of decomposed volcanic agglomerate or flow breccia. A 
specimen from the summit of the hill is composed of euhedral, angu- 
lar broken and corroded grains of feldspar (largely plagioclase)^ of 
euhedral and corroded quartz grains, of fragments of acid por- 
phyritic rocks and iron oxide. All these are in a matrix composed 
of fine granular quartz (?) and mudi chloritic or serpentinous ma- 
terial and limonite. There are undetermined but unimportant 
amoimts of other accessory and secondary constituents. This rock 
may with little doubt be classed as a dacitic tuff. In composition and 
degree of alteration these rocks seem to be more closely allied to the 
porphyries and tuffs of the area around the Tazimina Lakes than to 
any other rocks of the region, and as there is no proof of their 
stratigraphic position they are provisionally grouped with the early 
Mesozoic porphyries and tuffs for lack of a better place to discuss 
them. 

LitJiologic character in IliaTmui Lake district, — ^The rocks of the 
third of these districts, which include the older volcanic rocks ex- 
posed on the south shore of Iliamna Lake, and possibly in some of 
the mountains west of Newhalen Kiver, are quartz latites. They 
comprise the following types: (1) Light-gray or greenish-gray 
lithoidal porphyries in which there are sparse megascopic feldspars 
and pyroxene. (2) Gray, bluish, and light-brown glassy rocks which 
have as a rule a finely banded flow structure, which is both minutely 
contorted (PI. VI, A) and bent in a large way. The flow bands arc 
marked by lines of lithophysae or spherulites or both. Some of these 
rocks are perlitic. (3) Light-colored gray, green, and browish tuffs 
of fine grain, in part distinctly banded and in part closely resemb- 
ling the lithoidal porphyries. 

The microscope shows that in these rocks the phenocrysts, which 
are not very abundant, include quartz, plagioclase (about labra- 
dorite), and rarely a pyroxene resembling diopside. One specimen 
contains a little brown hornblende. The groundmass where crys- 
tallized seems to be made up principally of small feldspar laths in 
rudely parallel aggregates. Minute apatites are common. That the 
tuffs and agglomerates associated with these rocks were derived from 
lavas of the same kind is indicated by the fact that the recog- 
nizable minerals in them are the same, namely, quartz, similar 
plagioclase, and similar pyroxene. Furthermore, there are frag- 
ments of finely crystalline rock very like the groundmass of the 
lithoidal porphyries. 
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A. BANDED RHYOLITE FROM SOUTH SHORE OF ILIAMNA LAKE. 




Ji. CHISIK CONGLOMERATE. 

Large blocks fallen from cliffs on east shce of Iniskin Bay. 
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Although these rocks in the field specimen not uncommonly have a 
weathered greenish or rusty appearance, they are quite fresh. Under 
the microscope only the more distinctly stratiform pyroclastics 
showed strong alteration of the feldspars. The femic minerals are 
very little weathered, and the groundmass is generally unaltered 
where crystalline; where glassy it is commonly still perfectly vitreous 
or but dightly devitrified. In the glassy and tuffaceous members 
vesicles and other openings are unfilled, although a rusty incrusta- 
tion is common. 

The rocks on the north shore of Iliamna Lake between Chekok 
and Knutson Bays, and of the islands off the mouths of Knutson 
and Pedro Bays, are probably to be grouped, in part at least, with 
the rocks described above from the south shore of Iliamna Lake. 
The rocks which were studied from the mainland between Chekok 
and Knutson Bays are of two types. One specimen proves to be a 
grayish-white porphyritic lithoidal quartz latite. Another speci- 
men from this vicinity is a light greenish-gray agglomerate in which 
the recognizable constituents are bits of quartz, feldspar, mica, horn- 
blende (?), and small pieces of granite. The indeterminate matrix 
somewhat resembles the quartz latite tuffs, but the rock is not im- 
probably an arkosic conglomerate, as it was regarded in the field. 
Specimens from Low Island (the large island southwest of Pedro 
Bay) and two small islands north of it include (exclusive of the 
granites) three light-gray porphyritic lithoidal quartz latites. There 
is also a fragmental rock of light-gray base spotted with small feld- 
spars and quartz grains, which are for the most part angular, though 
some are rounded, and with a few grains of undetermined minerals. 
This rock looks tuffaceous, but may be arkosic. Another fragmental 
rock of light-gray, fine, granular base, weathering rusty, contains 
large subangular pieces of granitic material and quartz. A third 
doubtful rock is white, rusty weathering, fine grained, and porous. 
There is no sign of roimded material, and the rock is most probably 
a tuff. On the south end of Low Island there is a dark waxy por- 
phyritic glass of low specific gravity and a black vesicular por- 
phyritic fine granular dike rock, probably a basalt 

It may be seen from the foregoing descriptions that there are two 
types of rock in this vicinity. One includes the quartz latites and 
their tuffs and the other includes the conglomeratic and arkosic 
rocks the matrix of which somewhat resembles the quartz latite 
tuffs. These were not separated in mapping, and the field relation- 
ships of the two were not determined. The quartz latites and their 
tuffs considered alone bear a close resemblance to the rocks described 
above (p. 56) under the same name from the localities on the south 
shore of Iliamna Lake, although the finely banded glassy rocks of 
the latter localities are here absent If the conglomeratic and arkosic 
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rocks are really as intimately associated with the quartz latites as 
the present grouping might be assumed to imply, then these rocks 
have, in this part of the district, a facies not recognized elsewhere. 
Another and perhaps the most probable interpretation of the con- 
glomeratic and arkosic rocks would be to regard them as younger 
than the areally associated latitic rocks. The granitic constituents 
would then have a probable source in the near-by early Jurassic 
granite masses, and the tuffaceous constituents might well have been 
derived from the erosion of the latites. If this interpretation be 
adopted they might be correlated with the Middle Jurassic or Upper 
Jurassic conglomerates described below (pp. 59, 68) from the shore 
of Cook Inlet, or be regurded as a basal member of the Tertiary 
volcanic rocks (p. 78) outcropping near by on Iliamna Lake. 

Age and correlation, — The rocks described above from the south 
shore of Cottonwood Bay overlie the Kamishak chert. The relation- 
ships are apparently those of conformable stratigraphic succession, 
for not only was no erosional break observed but there is a more 
or less gradual gradation in lithologic character from the fine-grained 
homogeneous cherty beds below to the coarser heterogeneous volcanic 
accumulation above. The local relationships thus indicate that these 
rocks are either very high in the Triassic or low in the Jurassic. 

These porphyries and tuffs of Cottonwood Bay accord fairly well in 
their relation to the Upper Triassic Kamishak chert, as also in gen- 
eral lithologic character, with the tuffs and associated rocks, prob- 
ably of Lower Jurassic age, which are typicaUy exposed on the 
west side of Seldovia Bay ^ and probably extend continuously from 
that locality to Port Graham. These beds consist chiefly of water-laid 
fragmental igneous material, although cherty limestone is present in 
the section on the north shore of Port Graham. The thickness is 
probably more than 1,000 feet, but no good estimate could be made. 
These beds were referred provisionally by Stanton to the Lower 
Jurassic on the basis of the fauna obtained at Seldovia. 

No Lower Jurassic faunas have been found west of Cook Inlet, 
either in the beds here described or in any others, but the volcanic 
beds described above from the west shore of Cook Inlet, and also 
those from Iliamna and Clark lakes may possibly be correlated with 
the beds at Seldovia, and assigned to the Lower Jurassic, on the 
evidence of similar lithology and sequence. This suggested correla- 
tion is regarded as probable for the rocks on Cottonwood and Iliamna 
bays. The assignment of the rocks west of the mountains to the 
Lower Jurassic is dependent on a correlation through the rocks on 

1 Stanton, T. W., and Martin, G. C, Mesozolc section on Cook Inlet and Alaska Pen- 
insula: Bull. Geol. Soc. America, vol. 16, 1905, pp. 396-397. Mofflt, F. H., Gold fields 
of the Tumagaln Arm region : Bull. U. S. Geol. Survey No. 277. 1906, pp. 20-22. Grant, 
U. S., and Hlggins, D. F., Preliminary report on the mineral resources of the southern 
part of the Kenal Peninsula : Bull. U. S. GeoL Survey No. 442, 1910, p. 167. 
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Iliamna Bay, and is hence doubly we^^k, since there is no very good 
local stratigraphic evidence on the age of the rocks on Iliamna Lake 
and east of Lake Clark or any definite proof that they are of the same 
age, or that any of them are synchronous with those on Iliamna Bay. 
Comparison should also be made with the " andesitic greenstones, 
porphyries, and tuffs" described by Paige and Knopfs from the 
upper Matanuska Valley and by them referred to the lower part of 
the Middle Jurassic ^ ; and with the Skwentna group of the Alaska 
Range.* The latter is known to underlie beds whidi carry the fauna 
of the Tuxedni sandstone (p. 63), and is possibly of early Middle or 
of Lower Jurassic age. 

lODDLE JXratASUC BOOKS. 
TUXEDNI SANDSTONE. 

Areol distribution, — ^The lowest known member of the Middle 
Jurassic of southwestern Alaska is the Tuxedni sandstone. This 
formation is typically exposed on the south shore of Tuxedni Bay, 
from which it is named,* and extends from there in a continuous belt, 
parallel to the general course of the shore of Cook Inlet, as far south 
as the east shore of Iniskin Bay, a distance of about 42 miles. Good 
exposures were seen on the south shores of Tuxedni and Chinitna 
bays and on the east shore of Iniskin Bay. It appears to be absent 
at the surface south of this point, probably being buried by Triassic 
and other rocks which are overthrust upon the Upper Jurassic beds. 
It probably extends north from Tuxedni Bay in line with its known 
outcrop southward, but the area of its probable position has never 
been visited by geologists. Beds correlated with these occur in other 
parts of Alaska, as will be described below. 

Lithologic character and sections. — ^The Tuxedni sandstone con- 
sists of sedimentary beds of marine origin and is at least 1,100 feet 
thick. It is made up predominantly of sandstone, although it con- 
tains considerable shale and a few thin beds of limestone and con- 
glomerate. 

The basal contact of the formation is exposed on the south shore 
of the eastern arm of Iniskin Bay. The rocks of the Tuxedni sand- 
stone at this point consist of fossiliferous sandstone and shale with 
beds of conglomerate containing pebbles, averaging several inches in 
diameter, of a variety of crystalline rocks, chiefly granite. The low- 
est of the several beds of conglomerate rests upon a sheared basic por- 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in tke Matanuska and 
Talkeetna basins, Alaska : Bull. U. S. Geol. Survey No. 327, 1907, pp. 16-19. 

> More recent evidence Indicates that these rocks are of Lower Jurassic age. See Bull. 
V. S. Geol. Survey No. 500, 1912. pp. 29-32. 

* Brooks, A. H., The Mount McKinley region : Prof. Paper U. SI Geol. Survey No. 70, 
1911, pp. 85-87. 

* The Tuxedni sandstone and the overlying Chinitna shale have formerly been grouped 
as the *' Enochkin formation," which is here divided because of the dissimilarity of the 
lithologic character and faunas of the two parts. 
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phyritic rock which is regarded as a member of the Lower Juras- 
sic(?) porphyries and tufifs. The conglomerate dips 50^ SE.; the 
cleavage or bedding of the porphyry dips 34*^ NW. There is con- 
sequently either discordance of bedding between the porphyry and the 
conglomerate, or a structure in the former which is not developed in 
the latter. In either case the presence of an unconformity is estab- 
lished. 

The most complete known secticm of this formation is exposed on 
the south shore of the western arm of Tuxedni Bay. This section, 
measured by Stanton and Martin ^ in 1904, is typical for the litho- 
logic and paleontologic character of the formation, although no 
exposure of either the base or the top is visible. 

Section of part of the Tuxedni sandstone on south shore of Tuxedni Bay, 

1. Shaly sandstone with scattered fossils, Jnoceramus, Feet 

Trigonia, Bphcsroceras, Phylloceras, etc 55 

2. Black sandstone with small white angular grains 8 

8. Hard gray sandstone 1 

4. Black sandstone with Inoceramus amhiguus, Ste- 

phanoceras cf. hunvphriesianum, Bphceroceras o6- 
latumt etc 3 

5. Dark shale 8 

6. Soft coarse black sandstone with white grains 39 

7. Mue-grained gray shale with Sphceroccras ohlatum, 

Belemmtes, etc 18 

8. Fine-grained gray shale 35 

9. Bands of sandstone and shale 3^-6 

10. Dark soft shaly rock with coarse grains 10 

11. Dark limestone with abundant fossils, Spha^oceras 

cepoides, PleuromyOf etc 2 -4 

12. Dark shale 3 

13. Dark conglomerate rock (arkose) 7i 

14. Dark shale with conglomerate bands 26 

15. Sandstone 1 

16. Gray shale 15 

17. Sandstone 2 

18. Shale with scattered fossils 12i 

19. Sandstone and shale with Btephanoeeras carloi tense, 

8. richardsoni Sphwroceras cepoides, Lytoceras, 
Phylloceras, and many other fossils 3 -3i 

20. Shale with concretionary bands 10 

21. Concealed by a fault :tlOO 

22. Gray shale with numerous sandstone and concre- 

tionary bands and occasional fossils, including 
Stephanoceras cf. humphriesianum 100 

23. Gray shale with occasional sandstone and concre- 

tionary bands 150 

24. Gray sandstone with Inooeramus ambiguus and a few 

other bivalves 120 

* Stanton, T. W., and Martin, G. C, Mesosoic section on Cook Inlet and Alaska Penin* 
sula : Bull. Geol. Soc. America, vol, 16, 1905, pp. 399-400. 
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26. Limestone conglomerate with clavellate and undulate Feet 
Trigoniaa, etc 1 

26. Gray sandstone 3i 

27. Dark gray fosslliferous sandstone 1 

28. Gray sandstone with many small fossils 11 

29. Fosslliferous conglomerate with Belemnitea 2 

90. Shaly sandstone with Inoceravms lucifer and Lima 

cf. gigantca 52 

31. Sandy shale with a few thin Indurated fosslliferous 

sandstone bands 35 

32. Indurated ledges of argillaceous sandstone 1 to 4 feet 

thick, alternating with somewhat thicker beds of 

clay (fosslliferous) 25 

33. Shale with abundant ammonites, StephanoceraSy Har- 

poceras, etc. 20 

34. Indurated bands of sandstone in ledges 1 to li feet 

thick, alternating with thicker beds of shale 14 

35. More or less sandy shale weathering yellowish 100 

36. Sandstone with clay partings with abundant Lima cf. 

gigantea 36 

37. Softer sandstone and shale to base of exiwsure, partly 

covered by shale talus 100 



1,128 

This section is especially appropriate for the type section of this 
formation, because it not only shows the most complete known rep- 
resentation of these rocks but both marine invertebrates and fossil 
plants are present, the former in great abundance and variety. It 
was, moreover, measured at one of the first localities in Alaska at 
which a large collection of Jurassic fossils was made, and at which 
the fauna has long been known, not only through the early descrip- 
tions by Eichwald * but through the material subsequently collected 
by DalP and described by Hyatt.^ 

The following section on the east shore of Iniskin Bay * includes 
the base of the formation, but the concealed intervals are very large, 
less than half of the beds being represented, and the contact with the 
overlying formation probably is cut off by a fault (see fig. 7, p. 99). 

Section of Tuxcdni sandstone on east shore of Iniskin Bap. 

** Zona C." Feet. 

Sandy shales with many Belemnitcs and other fossils 50 

Concealed 20 

Soft shale 20 

Dark-drab shale with scattered fossils 33 

» Eichwald, Eduard von, Geognostisch-palaeontologiBche Bemerkungen tiber die Ilalb- 
insel Manglschlak und die Aleutlschen Inseln, St. Petersburg, 1871, pp. 88-200. 

* DaU, W. H., Report on coal and lignite of Alaska : Seventeenth Ann. Rept. U. S. 
Geol. Survey, pt. 1, 1806, pp. 869-870. 

* Hyatt, Alphens, Report on Mesozolc fossils : Idem, appendix 3, pp. 907-008. 

* Martin, O. C, The petroleum fields of the Pacific coast of Alaska : Bull. U. S. Geol. 
Sarrey No. 250, 1905, p. 42. 
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Hard calcareous shale full of fossils, principally Jnoceramus, Feet. 

Pleuromya, and other pelecypods 2 

Black sandstone 1 

Dark shale 5 

Black sandstone 1 

Dark shale with many fossils 12 

Reddish limestone | 

Dark shale with many fossils 14 

Dark shale with scattered fossils 62 

Dark soft sandstone with streaks of conglomerate 10 

Ck)ncealed. 

*' Zone B." 

Shale with several fossil bands containing TrigotUa doros- 
chini, etc 60 

Concealed. 

"Zone A." 
Shale with several fossil beds each 10 to 25 inches thick and 

packed with fossils; Trigonia doroschini, T, devexa, etc 30 

CJoncealed. 

Shale 12 

Ckxarse conglomerate 20 

Unconformity. 

Faima and -florcu — ^The Tuxedni sandstone contains a large marine 
invertebrate fauna, which is still for the most part undescribed. The 
following lists comprise some of the more common species as deter- 
mined by Stanton: 

Marine invertebrate fossils from the Tuxedni sandstone. 

South shore of Tuxedni Bay: 

Stephanoceras loganianum. 

Stephanoceras carlottensis. 

Stephanoceras cf. humphriesianum. 

Sphffiroceras oblatum. 

Sphseroceras cepoides. 

Phylloceras sp. 

Lytoceras sp. 

Trigonia dawsonl. 

Lima cf. gigantea. 

Inoceramus ambiguus. 

Inoceramus porrectus. 

Inoceramus eximiua 

Inoceramus lucifer. 
Bast shore of Iniskin Bay, zones A and B (2919) : 

Belemnites sp. Fragments 

Thracia sp. 

Trigonia doroschini E^chwald. Abundant. 

Trigonia sp. Belongs to Clavellat» group. 

Gramma todon? sp. a. 

Pseudomonotis? sp. 

Pecten sp. A single very small, smooth form. 

Ostrea sp. Fragmentary specimens of a small irregular species. 
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East shore of Iniskin Bay, near lower cabin, zone C (2990) : 
Stephanoceras sp. 
Belenmites sp. a. 
Belemnites sp. b. Abundant 
Belemnites sp. c. 
Gramma todon? sp. a. 
Gramma todon? sp. b. 
Inoceramns eximins Eichwald. Abundant 

The forms described by Eichwald ns I. eximius, I. ambiguus, and 
I. porrectus may all belong to one species. 
Pecten sp. Small form same as in lot 2919. 
Pecten sp. Large individual that may be adult of last named. 
Ostrea sp. Same as in lot 2919. 

Fossil plants were obtained from several localities, at all of which 
they were interbedded with the marine sediments carrying the inver- 
tebrate fossils listed above. The following species have been deter- 
mined by F. H. Knowlton : 

Fossil plants from Tuxedni sandstone. 

No. 915. — South shore of Tuxedni Bay : 

Sagenopteris goppertiana Zlgno. 

Pterophyllum rajmahalense Morris. 

Macrot«niopteris califomica Font 
No. 916e.— South shore of Tuxedni Bay, 2i miles west of Chisik Island : 

Sagenopteris gOppertiana Zigno. 

Pterophyllum rajmahalaise? Morris. 
No. 916f. — South shore of Tuxedni Bay, 2i miles west of ('hislk Island : 

Fossil wood, not studied. 
No. 917h. — South shore of Tuxedni Bay, 3 miles west of Chisik Island: 

Sagenopteris gSppertiana Zlgno. 
No. 928.— East shore of Iniskin Bay " zone C :" 

Sagenopteris goppertiana? Zigno. 
No. 031a. — East shore of Iniskin Bay, 300 yards above lower cabin : 

Sagenopteris g(5ppertiana Zigno. 

Age and correlation. — ^The fauna of the Tuxedni sandstone is re- 
garded by Stanton^ as showing that it certainly includes at least 
part of the Middle Jurassic, although he holds that further study of 
the faunas must be made before exact correlations with the European 
faunas can be made. Practically the same conclusion was reached 
by Hyatt * from his study of the fauna from Tuxedni Bay. 

This fauna has been recognized in the upper end of the Matanuska 
Valley,' and also in parts of the Tordrillo formation of the Alaska 
Range.* The occurrence of this fauna in the Kennicott formation 

^ Stanton, T. W., and Martin, O. C, Mesosoic section on Cook Inlet and Alaska Pen- 
insula : Boll. Geol. Soc. America, vol. 16, 1905, pp. 401-402. 

'Hyatt, Alpheus, Report on the Mesozolc fossils: Seventeenth Ann. Bept. U. S. Geol. 
Survey, pt. 7, 1896, pp. 907-908. 

"Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and 
Talkeetna basins, Alaska : Bull. U. 8. Geol. Survey No. 327, pp. 17-19. 

* Brooks, A. H., The geography and geology of Alaska : Prof. Paper U. 8. Geol. Survey 
No. 45, p. 232; The Mount McKlnley region: Prof. Paper U. S. Geol. Survey No. 70, 
1911, p. 90. 

98153'— Bull 485—12 5 
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of the Copper River region is suggested by the reported presence 
there/ in the earlier but not in the later collections, of Inoceramus 
eximiua. 

The only localities in North America, outside of Alaska, where a 
fauna similar to this has been found are in the "lower shales and 
sandstones (subdivision C) " of the "Cretaceous" of the Queen 
Charlotte Islands, where Whiteaves* has recognized many species 
belonging in this fauna. 

The following discussion of the age and relationship of the flora 
has been submitted by F. H. Knowlton : 

The Jurassic plants, although few In species and not always weU preserved, 
are of the highest possible interest, for they are found in intimate association 
with typical marine invertebrates of known Jurassic age. By combining the 
species found at the several localities we have the foUowing lists :* 
Tuxedni sandstone: 

Sagenopteris gOppertiana Zigno. 
Macrotseniopteris califomica Font. 
Pterophyllum rajmahalense Morris. 
Chinitna shale: 

Cladophlebis denticulata (Brongn.) Sew. 
Ctenis grandifolia Font 
Hausmannia sp.? 
Dictyophyllum cf. obtusilobum. 

The forms that have been specifically named are determined with a great 
degree of certainty, the most abundant being the Sagenopteris, which occurs at 
five of the eight localities. The two remaining forms are mere fragments that 
will not admit of specific identification, though there can be absolutely no doubt 
as to the correctness of the generic reference, especially that of the Dictyophyl- 
lum, which seems to be in fruit. As to the distribution of the named species, 
the Cladophlehis occurs in the Jurassic of England and France as well as other 
parts of the Old World, and, moreover, is very close to what has been called 
^'Asplenium ** whitbiense, which occurs abundantly in the Jurassic of eastern 
Siberia and California. The other four named species, not to go farther afield, 
are found in the "so-called" Jurassic at Oroville, Cal., but apparently have 
not been foimd in the Cape Lisbume region of Alaska, although the Sagenop- 
teris is not greatly different from a species that is. 

Knowlton * has also recently discussed the relationship of this flora 
to that of the Monte de Oro formation of California and its bearing 
on certain problems in the stratigraphy of Oregon and California. 

*Schrader, F. C, and Spencer, A. C, The geology and mineral resources of a por- 
tion of the Copper River district, Alaska, a special publication of the U. S. Geol. Surrey, 
1901, p. 50. Mofflt, F. H., and Maddren, A. G.. Mineral resources of the Kotsina-Chitina 
region, Alaska : Bull. U. S. Geol. Survey No. 374, 1909, p. 31. 

«Whiteaves, J. F., Mesozolc fossils: Can. Geol. Survey, vol. 1, 1876-1900, pp. 1-02, 
191-262, 263-308. Dawson, G. M., Geological record of the Rocky Mountain region in 
Canada : Bull. Geol. Soc America, vol. 12, 1901, p. 75. 

'This discussion is based on not only the plants from the Tuxedni. sandstone but 
also on those of the Chinitna shale, listed on p. 67. 

* Knowlton, F. H., The Jurassic age of the " Jurassic fauna of Oregon ** : Am. Jour. 
Scl., 4th ser., vol, 30, 1910, pp. 49-60, 
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CHINITNA SHALE. 

ArecH distribution. — ^The Chinitna shale occupies a belt east of and 
parallel to the area of the Tuxedni sandstone from Tuxedni Bay to 
Iniskin Bay. It is well exposed on the west side of Chisik Island, on 
both shores of Chinitna and Oil bays, and on the east shore of 
Iniskin Bay. It has not been followed along the belt of its probable 
extension north of Tuxedni Bay. South of Iniskin Bay it does not 
appear at the surface within the area covered by this report, although 
it is known (p. 68) farther southwest on the Alaska Peninsula. 

LitJtologic character and sections. — ^The Chinitna shale is a litho- 
logically rather homogeneous formation consisting of 1,300 to 2,400 
feet of shale with subordinate amounts of sandstone and limestone. 
It rests with apparent conformity upon the Tuxedni sandstone, from 
which it is distinguished^ by being- argillaceous rather than arena- 
ceous and by possessing distinctive faunas and floras. 

The following section, measured by Stanton^ on the north shore of 
Chinitna Bay, is typical of the lithologic character of the formation, 
although the base is probably not exposed, and no fossils were found 
in the upper 1,000 feet or more which is assigned to this formation 
on lithologic grounds. 

Section of Chinitna shale on north shore of Chinitna Bay, 

Peet. 
Indurated dark argillaceous shales with conspicuous thin 
bands and elongated lenses of yellowish impure limestone. 500 
At this point a change in the strike of the beds and in 
the direction of the coast carries the cliflTs some dis- 
tance from the shore. The section is continued on a 
small creek, which enters the bay about half a mile 
west of the «id of the sea cliffs. Along this creek 
the exposures are not so continuous, nor so conspicuous 
as those in the sea cliffs, but they are sufficient to 
show the relation of the beds to the general section. 
Dark shales with occasional more indurated bands of ar- 
gillaceous sandstone 426 

Dark shales with beds of argillaceous sandstone forming 

many cascades. Cadooeras found near the middle 650 

Indurated bands of argillaceous sandstone with abundant 

specimens of Cadoceras and Belemnites 10 

Dark shales and argillaceous sandstones 115 

Similar beds not well exposed 200 

Dark shales weathering to brownish slopes with bands of 

small concretions containing Cadoceras doroschini, etc 75 

Dark clay shales, weathering brownish, with concretions 
containing Cadoceras etc., near middle 110 

2,315 

^ It was formerly grouped with the Tuxedni sandstone as the " Enochkin formation.'* 
See footnote, p. 59. 

* Stanton, T. W., and Martin, G. C, Mesoioic section on Cook Inlet and Alaska Penin- 
sula: Bull. Geol. Soc. America, vol. 16, 1905, pp. 400-401. 
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The section exposed on the east shore of Iniskin Bay, which is givea 
below, has the top of the formation clearly defined and contains 
typical fossils throughout. The thickness of beds is much less than 
on Chinitna Bay. This is in all probability due to concealment of 
the base of the formation rather than to thinning. 

Section of Chinitna shale on east shore of Iniskin Bay. 

Feet 
Dark-drab shale with numerous bands of limestone concre- 
tions filled with well-preserved specimens of Cadoceras, 
Belemnites, etc., and with occasional sticks of foflsillsed 

wood 146 

Shale as above, partly concealed by talus at ''Mushroom 

Rocks," thickness computed 77 

Dark shales, as above, with same concretions and wood 196 

Limestone 1 

Shales, as above 363 

Shales, partly concealed by talus, thickness computed 300 

Shales, as above, with Cadoceras 4oroschini and a few other 

fossils 200 

Concealed 25 

1,808 

At Oil Bay, about 4 miles east of Iniskin Bay, the sequence and 
relations are practically the same as is shown in the following sec- 
tion. The beds represented in this section are shown on Plate 
VII, A 

Section of upper part of Chinitna shale on east shore of Oil Bap. 

Feet. 

Dark shale with concretions 090 

Hard dark sandstone.. 1-| 

Dark-drab shale with numerous concretions 630 

Calcareous shale with Cadoceras schmidti, PompeckJ, 
Cadoceras sp. cf. C, stenoloboide PompeckJ, and 

Phylloceras 1 

Dark shale with Cadoceras doroschini, etc 00 

Soft green sandstone i 

Dai:k-drab shale 12 

1,294 

The rock exposed at the extreme western point of Chisik Island 
contains an exposure of several beds of coarse conglomerate aggregat- 
ing more than 100 feet in thickness, and occurring as a lens in the 
Chinitna shale. The stratigraphic relationships are clear at the 
northern end of the outcrop (see fig. 2), where some beds of the 
conglomerate may be seen ending abruptly against a vertical wall of 
shale, suggesting a fault, though others continue unbroken across this 
line, proving that no fault is present. 

Fauna and flora. — ^The Chinitna shale is characterized by the 
presence of an abundance of large cephalopods, especially several 



Digitized by VjOOQ IC 



U. 8. GEOLOOICAL SURVEY BULLETIN 489 PLATE VII 



A. NAKNEK FORMATION AND UNDERLYING CHINITNA SHALE ON EAST SHORE OF OIL BAY. 



B. HORIZONTAL SANDSTONE BEDS OF NAKNEK FORMATION ON WEST SHORE OF KAMISHAK 

BAY. 
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species of Cadoceras. 
other forms. 



These, with Belemnites^ predominate over all 



Ifwertehrate fo$9Us from ChUiitna shale. 

No. 2921. — East shore of Iniskln Bay : 

Cadocer^ doroschini (IClchwald). Abundant 

Gadoceras wosnessenskii (Grewingk). 

Cadoceras schmldti PompeckJ. 

Gadoceras catostoma PompeckJ? 

Cadoceras sp. 

Macrocepballtes? sp. 

Phylloceras snbobtnstfbrme Pompeckj? 

Stephanoceras sp. Form figured by Eichwald as Amm. astierlanns 
d'Orb. aft, 

Belonnltes sp. a. One specimoi. 

Goniomya sp. One small specimen. 

Lima sp. 

Pecten sp. Small smooth form. 

Pleuromya? sp. One q[)ecimen. 

Serpula? sp. Small discoidal form abundant in one rock fragment. 

Several undetermined bivalves represented by imperfect material. 
No. 2941. — Bast idiore of Oil Bay, 72^ feet above base of section : 

Cadoceras schmldti PompeckJ. 

Cadoceras sp. cf. C. stoiolobolde Pompeckj. 

Phylloceras sp. 



J^^^Zo 
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Fiouaa 2. — Sketch showing conglomerate beds in the Chlnitna shale on north end of 

Chislk Island. 

A few fossil plants were collected from beds interstratified with 
those which yielded the ammonites. They have been identified by 
F. H. Knowlton as follows : 



Fossil plants from ChiMtna shale. 

Na 929. — Iniskln Bay, east shore, } mile below lower caMn: 

Cladophlebis denticulata (Brongn.) Sew. 

Ctenis grandifolia Font 

Hausmannia q;».? Mere fragment 

Dictyc^hyllum d obtusllobum. 
Na 929a. — ^Inlskin B<iy, east shore, 1 mile below caMn: 

Fossil wood, not studied. 
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Age and correlation. — ^The fauna of the Chinitna shale is regarded 
by Stanton ^ as indicating the boreal f acies of the Callovian stage, 
which belongs at the top of the Middle or at the base of the Upper 
Jurassic. 

The only localities in Alaska, outside of those here described, 
where these beds or their fauna have been recognized are at Cold 
and Dry bays* on the Alaska Peninsula, and in the upper end of 
the Matanuska Valley.' 

Its fauna shows close relationships with that of the Callovian of 
Kussia, Franz Josef Land, and elsewhere in the northern as well as 
in other parts of Europe. 

The evidence of the flora on the age and relationships of these 
rocks has been presented on page 64. 

17PPSK TXTBASSIO BOOKS. 
CHIBIK CONOLOICBBATE. 

Areal distnbution. — ^The Chinitna shale is overlain on Chisik 
Island and on the east ^ore of Iniskin Bay by the Chisik conglom- 
erate. This formation is probably of very local development, not 
having heea recognized elsewhere within this region except probably 
on the east shore of Oil Bay, and possibly at the head of Kamishak 
Bay. 

Lithologic character. — ^The Chisik conglomerate consists of a vari- 
able thickness of predominantly coarse conglomerate, c<Hnposed of 
well-rounded pebbles of granite and other crystalline rocks in an 
andesitic tuffaceous matrix. The general appearance of large blocks 
of this conglomerate which have fallen from the cliffs on the east 
shore of Iniskin Bay at the locality known as Mushroom Rocks is 
shown in Plate VI, B (p. 56). The thickness of the conglomerate 
at Iniskin Bay is 290 feet, and is possibly somewhat greater, although 
it was not measured, at Chisik Island. It is probably represented 
by the 147 feet of fine-grained conglomeratic beds at the base of the 
section at Oil Bay recorded on page 72. 

A thin section (3M15) of the matrix of the coarse conglomerate at 
TniRkin Bay showed the presence of rock fragments which are much 
altered, but which apparently were originally fine-grained basic 
rocks and angular fragments or crystals of feldspar and quartz, in a 
fine angular iron-stained fragmental matrix. 

Age cmd correlation. — ^The age of the Chisik conglomerate is deter- 
mined within approximate limits by the prevsence of Middle Jurassic 

"^ Stanton, T. W., Succession and distribatlon of the later Mesozoic invertebrate faunas 
In North America: Jour. Geology, vol. 17, No. 5, 1909, pp. 411-412. 

'Martin, G. C, The petroleum fields of the Pacific coast of Alaska with an account of 
the Bering River coal deposits : Bull. U. S. GeoL Survey No. 250, 1905, pp. 52-53. 

•Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and 
Talkeetna basins, Alaska : Bull. U. 8. Geol. Survey No. 327, pp. 21-23. 
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faunas below it and of Upper Jurassic faunas above. In its litho- 
logic character, and especially in the presence of andesitic tuffs, it is 
more nearly related to the rocks bearing the latter than to those bear- 
ing the former fauna, and hence it may be most reasonably inter- 
preted as the basal conglomerate of the Upper Jurassic. Paige and 
Knopf have described a conglomerate of similar lithology and at 
about the same stratigraphic position, occurring in the Upper Mata- 
nuska Valley.^ 

NAKNEK FORMATION. 

Areal distribution, — ^The Naknek formation occupies the west shore 
of Cook Inlet from Chisik Island to Iniskin Bay and much of the 
shore from the mouth of Iliamna Bay to a point about midway of 
the south shore of Kamishak Bay. The continuity of exposure is 
interrupted by older rocks on Tuxedni Bay, Chinitna Bay, Oil Bay, 
Iniskin Bay, Iliamna Bay, Ursus Cove, and Bruin Bay, and probably 
also near the head of Kamishak Bay. 

Lithologic character and sections, — ^The Naknek formation which 
overlies the Chisik conglomerate, or in its absence rests upon the 
Chinitna shale, consists of about 5,000 feet of shale, sandstone, arkose, 
andesitic tuff, and conglomerate. 

The following sections show the local lithologic character of this 
formation : 

Section of Nakneh formation on the north shore of Chinitna Bay. 

1. Coarse conglomerate with 6-inch (maximum) granite 

pebbles and smaller pebbles of various lithologic Feet, 

character, In a tuflfaceous or arkose matrix 10 

2. Shaly arkose or sandstone 2 

3. CJonglomerate 2i 

4. Arkosic sandstone or andesitic tuff 1| 

5. Conglomerate | 

6. Massive tuffaceous rock with numerous inclusions 9 

7. Tuffaceous rock with much shale 3 

8. Andesitic flow or tuff 12 

9. Shale 2 

10. Concealed 10 

11. Andesitic flow or tuff 15 

12. Concealed 5 

13. Contorted shale with large Belemnites at base 23 

14. Sandstone i 

15. Shale 1 

16. Andesitic flow or tuff 41 

17. Contorted shale with concretions 3 

18. Arkose with granite pebbles at top 7 

19. Sandy shale 2 

20. Sandy shale with fossil band at top {Aucella bed) 3 

1- Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and 
riTalkeetna basins, Alaska : Ball. U. 8. Oeol. Survey No. 827, 1907, pp. 21-28. 
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Feet 

21. Dark shale 15 

22. Conglomerate with shaly matrix ^ 5 

23. Sandstone i 

24. Conglomerate 3 

25. Dark shale 4 

26. Conglomerate with much shaly matrix 13 

27. Agglomerate 9 

28. Dark shale 20 

29. Coarse conglomerate 2 

30. Pinkish sandstone with pebble bands 2i 

31. Conglomerate 5 

32. Sandstone i 

as. Shale i 

34. Andesitic flow or tuff 2i 

35. Agglomerate 2 

36. Andesitic flow or tuff 7 

37. Sandstone with shale bands 8 

38. Dark shale 25 

39. Concealed (for 1,350 feet at 20" dip) 462 

40. Andesitic flow or tuff __ 18 

41. Concealed (for 100 feet at 20° dip) 84 

42. Andesitic flow or tuff 10 

43. Concealed (for 50 feet at 20° dip) 17 

44. Andesitic flow or tuff 5 

45. Concealed (for 130 feet at 20° dip) 44 

46. Andesitic flow or tuff 32 

47. Agglomerate 3 

48. Arkose with shaly bands 19 

49. Andesitic flow or tuff with agglomerate at base 56 

50. Andesitic flow or tuff 30 

51. Shale 6 

52. Andesitic flow or tuff 79 

53. Concealed (for 430 feet at 25° dip) 182 

54. Agglomerate 63 

55. Andesitic flow or tuff 185 

66. Shale 1 

57. Andesitic flow or tuff 168 

58. Agglomerate 2 

59. Andesitic tuff with abundant pebbles 60 

GO. Shale 4 

61. Concealed (for 60 feet at 24° dip) 24 

62. Sandy shale 68 

63. Sandstone and shale 30 

64. Andesitic flow or tuff 25 

65. Concealed (across cove for 800 feet at 25° dip) 838 

66. Coarse gray sandstone mostly heavy bedded 66 

67. Alternating bands of sandstone and shale 7 

68. Coarse gray sandstone 12 

69. Concealed 10 

70. Coarse gray sandstone 25 

71. Shaly sandstone 4 

72. Coarse ^ay sandstone 26 
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Feet. 

73. Ck)arse gray sandstone with bands of fine conglomerate.. 5 

74. Coarse gray sandstone with thinner shaly bands 27 

75. Coarse gray sandstone with bands of fine conglomerate.. 162 

76. Fanlt Dlsplacem^it probably smalL 

77. Coarse gray sandstone with bands of fine conglomerate.. 50 
7a Dark shaly sandstone 25 

79. Alternating bands of shaly sandstone and fine conglom- 

erate fc 10 

80. Coarse gray sandstone with bands of fine conglomerate.. 12 

81. Dark shale 2 

82. Coarse gray sandstone with fine conglomerate 21 

83. Dark shale with Belemnitea 40 

84. Coarse gray sandstone 25 

85. Dark shales with thinner bands of coarse gray sandstone. 100 

86. Massive coarse gray sandstone 60 

87. Coarse gray sandst(me alt^nating with more shaly 

layers 125 

88. Covered, except two or three small outcrops of shaly 

sandstone 425 

89. Dark shale with Belemnitea 160 

90. Cross-bedded coarse sandstone - 30 

91. Dark shales and shaly sandstones with Aucella, etc 290 

92. Alternating bands of coarse gray and argillaceous fos- 

siliferous sandstones 100 

93. Coarse gray sandstone 20 

94. Thha-bedded argillaceous sandstone in irregularly alter- 

nating lighter and darker bands . 338 

95. Coarse gray sandstone 30 

96. Banded argillaceous sandstone with Belemnitcs 300 

97. Coarse gray sandstone with Belemnites 40 

98. Banded argillaceous sandstone 56 

99. Coarse gray sandstone and fine conglomerate 35 

100. Banded argillaceous sandstone with several fosslllferous 

beds, and a few thin bands of fine conglomerate 156 

101^ Somewhat massive dark-gray argillaceous sandstone with 

a few thin yellowish bauds 150 



5,139 

This section is given in detail on account of the very great ap- 
parent thickness. Possibly part of this thickness may be due to 
repetition of the beds by faulting, but such repetition could not be 
detected, the observed faults being apparently small and unimpor- 
tant. Fossils were not abundant, but the characteristic Aucella^ re- 
sembling A. pallaai^ was found sparingly 113 feet below the top and 
near the base of the section. 

The following section on Oil Bay apparently does not contain 
representatives of the highest beds of the Chinitna Bay section. The 
massive beds in the upper part of the section are those which make 
the cliffs capping the mountain top diown on Plate VII, A (p. 66). 
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Section of Naknek formation on east shore of Oil Bay, 

Naknek formation: Feet 

Arkose, andesite, sandstone, conglomerate, and shale. 2,000± 

Sandy shale with Aucella near base 000 

Shale with fossils 380 

Coarse sandstone 3 

Shale with Cardioceras, Astarte, etc 165 

Concealed » 40 

Sandstone and sandy shale with Lytoceras, Phyllo- 

ceras, and plant impressions 310 

Naknek formation ( ?) : ^ 

Conglomerate with an abundance of small pebbles 
1^ to ^ inch in length, and with numerous poorly 

preserved plant impressions 7 

Sandy shale and sandstone 85 

Conglomerate with pebbles as above 3 

Shale 1 

Fine conglomerate of same pebbles as above 7 

Fine conglomerate of same pebbles as above, but in- 

terbedded with shale 14 

Olive shale with an abundance of small pebbles, 
and with Indeterminate fragments of a crustacean 5 

feet above the base 30 

The following section on Iniskin Bay represents only the lower 
part of the formation. The beds at this point are noteworthy be- 
cause they include a considerable thickness of conglomerate, very 
similar in lithologic character to the underlying Chisik conglomerate* 

Section of lower part of Naknek formation on east shore of Iniskin Bay. 

Feet. 
Sandstone, arkose, shale, andesite flows, and conglomerate.- 270+ 
Dark sandy shale with Aucella In upper part 583 

The beds described as andesite or as andesitic tuff in the above 
sections are composed of fragmental material. The microscope 
reveals fragments and crystals of plagioclase (some of which were 
determined to be basic), hornblende, biotite, and quartz and also 
some bits of fine-grained igneous rocks. All of these are predom- 
inantly angular in outline, but a few are rounded. The matrix in 
some specimens is distinctly fragmental; in others it is so fine and 
iron stained as to be obscure, but is probably also fragmental and 
composed of the same materials as the other specimens. In one 
specimen, slightly coarser than the rest, the larger grains are well 
rounded. The clastic, angular character of the grains of the rocks 
and their composition leaves no doubt that they are tuffs derived from 
andesitic lavas. The fragments of rock are too fine grained and too 
much weathered to be determined, but seem to be basic. 

1 These beds are probably the local representatives of the Chisik conglomerate. 
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The exposures of this formation on the shores of Kamishak Bay 
differ somewhat in lithologic character from those represented in 
the above sections which are all north of Kamishak Bay. The dips 
are dominantly low in this part of the region and only a small part 
of the formation is exposed in the cliffs. These exposures are chiefly 
sandstone, the conglomeratic and volcanic beds not having been 
seen. Fossils (chiefly AuceUa) are much more abundant than farther 
north. The type of beds exposed in this part of the region is repre- 
sented on Plate VII, B (p. 66). 

Faunou — The fauna of the Naknek formation, according to Stan- 
ton, is especially characterized by the presence of one or two species 
of Aticella which are very closely related to and probably identical 
with AuceUa paUasi and A. hronni. These fossils are at some locali- 
ties very abundant, completely filling thick beds. Such localities are 
numerous on the south shore of Kamishak Bay. At other places they 
are so rare as to be easily overlooked, but in general a careful search 
will reveal them in one part or another of the section. Two or three 
species of Belemnites are associated with the AuceUa at most locali- 
ties. PhyUoceras^ a large Lytoceras^ Trigonia^ Astarte, and other 
pelecypods, and a few gastropods are present at some localities. 
Cardioceraa cf . altemaiis and Cardioceras cf. cordatus were found in 
the lower part of the section on Oil Bay. 

Age agnd correlation, — ^The stratigraphic position of the Naknek 
formation has been established by Stanton ^ as being clearly in the 
Upper Jurassic and not below the Oxfordian of the European geolo- 
gists, the closest relationships with the European faunas being with 
the boreal Russian Volga beds. 

In using the name Naknek formation for these rocks a definite 
correlation is made with rocks in the Alaska Peninsula on Naknek 
Lake and around Katmai where this formation was named and 
first described by Spurr,* and where he obtained a fauna consisting 
of AuceUa paUasi, AuceUa sp., Natica sp., Belemnites sp., Tere- 
bratula sp., Avicula sp., and Astarte (?) sp. The essential identity 
of this fauna with that obtained from the rocks here described, 
together with the strong similarity of the rocks in lithologic char- 
acter, leaves little doubt that these beds are so closely related to those 
described by Spurr that they should be called by the same name. 

This formation covers a broad area around the upper ends of 
Naknek and Becharof lakes and southeastward to Katmai and Cold 
Bay. This area possibly extends in a continuous belt northeastward 
to the head of Kamishak Bay, and may extend southwestward as far 

^Stanton, T. W.» Succession and distribution of later Mesozolc invertebrate faunas In 
North America: Jour. Geology, vol. 17, 1909, pp. 411-414. 

s Spurr, J. E., A reconnaissance in southwestern Alaska : Twentieth Ann. Rept. U. S. 
QeoL Survey, pt 7. 1900, pp. 169-171. 
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as Chignik and Herendeen bays, where Atwood * has found a similar 
fauna. 

The same fauna was found by Paige and Knopf * in beds of similar 
lithologic character in the upper end of the Matanuska Valley. 

The same type of Aucella has also been found in the Kennicott 
formation * of the Copper River region. 

The beds outside of Ala^a whidi are related to these, according 
to Stanton/ are the Mariposa slate and equivalent formations of 
California and Oregon ; the marine Jurassic of the Black Hills and 
Rocky Mountains, which represents apparently only the lower part 
of the Naknek ; and the widespread boreal Upper Jurassic of north 
Europe, occurring in Russia, Spitzbergen, Nova Zembla, and else- 
where. 

esAvino Bocxa. 

Areal distribution, — Granitic rocks of considerable diversity of 
character, including granites of various kinds, granodiorite, and 
quartz diorite, occupy the greater part of the area of the Chigmit 
Mountains from the head of Bruin Bay northward beyond the heads 
of Lake Clark and of Tuxedni Bay. The rocks probably constitute 
one large continuous area with many smaller ones along its margins. 
Several of the latter were seen on Lake Clark. The position of the 
eastern border of the main mass of granite is known with certainty 
only at the heads of Tuxedni, Iliamna, and Bruin bays. The posi- 
ticm of the western margin is known accurately only where it crosses 
the heads of Iliamna and Clark lakes. The northern end of the 
mass is probably far beyond the area which was mapped. The 
southern termination is probably at the head of Bruin Bay. 

The margin of another mass was observed on the northern flank 
of Mount Douglas. This is probably the northern end of a large 
mass in the Aleutian Range, which is in all probability widely 
detached areally from the Chigmit Mountain mass, although it is 
doubtless closely related in lithologic character and period of 
intrusion. 

Petrographic description. — ^There are many types of rock present, 
but by far the most abundant are hornblende granites and grano- 
diorites. They are for the most part of medium grain, porphyritic 
habit, and light color, either light gray or pinkish. Mineralogic- 

^ Atwood, W. W., Geology and mineral resoarces of parts of the Alaska Peninsula : 
Bull. U. S. Survey No. 467, 1911. pp. 35-36. 

'Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and 
Talkeetna basins, Alaska: Bull. U. S. Geol. Survey No. 327, 1907, pp. 20-23. 

' Schrader, F. C, and Spencer, A. C, The geology and mineral resources of a portion of 
the Copper River district, Alaska, a special publication of the U. S. Geol. Survey, 1901, 
p. 50. Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitlna 
region, Alaska : Bull. U. S. Geol. Survey No. 374, 1909, p. 31. 

« Stanton, T. W., Succession and distribution of later Mesozolc invertebrate faunas In 
North America : Jour. Geology, vol. 17, 1909. pp. 410-414. 
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ally they are compo<5ed chiefly of albite or oligoclase-albite and quartz 
with either hornblende or biotite, or both. Apatite and magnetite 
are constant accessories. Orthoclase is not commonly a constituent 
of the rock and is nowhere important. The porphyritic habit is due 
to large crystals of feldspar. 

Diorites composed of andesine feldspar, hornblende, biotite, and 
scHne augite are also less widely developed, but particularly between 
lliamna Bay and Hiamna village. These diorites have considerable 
range in textures, from fine to coarse and from granitic to gneissoid. 

At the mouth of Hiamna River, on the margin of the granitic 
area, are rocks ranging in composition from diorites to homblendites, 
composed almost entirely of large hornblende crystals with very 
small amounts of feldspar, magnetite, and sulphides. 

On some of the islands in Lake Clark, which are near the north- 
western border of the granite, are augite diorites or gabbros com- 
posed of basic plagioclase, augite, and magnetite. These rocks may 
be marginal facies of the granite or independent intrusions. The 
latter conclusion seems indicated because other exposures in the 
vicinity and near the granite border, particularly those at the intru- 
sive contact on Lake Clark above Tlikakila River, are of the types 
of granite more common in this region. 

The granites are cut by numerous dikes generally only a few feet 
wide and chiefly porphyries of the granite or granodiorite family. 
One dike about 75 feet wide of very different composition was 
found near North Head on lliamna Bay. This is a peridotite, consid- 
erably weathered where seen, apparently originally composed of 
enstatite, olivine, and magnetite or ilmenite, but now containing also 
much colorless amphibole, talc, and serpentine. 

The most pronounced variation in composition and texture ob- 
served among these rocks is in the vicinity of the gneissic rocks west 
of lliamna Bay. The granite is here much more basic than at other 
points and possesses a rough foliation not observed elsewhere. There 
is a strongly suggested possibility that granites of two types and 
ages are present ; those neighboring the gneisses being intruded prior 
to at least part of the more intense deformation, while those on the 
flanks of the mountains were intruded subsequent to all but the later 
fault movements. An alternative, and in some ways the more at- 
tractive, hypothesis is that the granites are all of one general period 
and that the mountain range suffered part of its severer folding after 
the granites were intruded, this folding having been more severe in 
the heart of the range than on the flanks. Differences in composition 
would then find the most likely explanation in greater absorption 
from the invaded rock in the heart of the range. 

The adoption of this hypothesis raises at once the question whether 
the gneisses and associated metamorphic rocks are really older than 
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the sedimentary rocks flanking the mountains. The hypothesis may 
readily be extended to include the interpretation of the gneisses, 
schists, slates, and marble as locally intensely metamorphosed repre- 
sentatives of the unaltered Mesozoic sediments of neighboring sub- 
provinces. This latter conclusion is, however, believed to be im- 
probable. 

Small porphyry dikes were seen on the shores of Iliamna Bay, and 
elsewhere, especially on the shores of Iliamna Lake and at the lower 
end of Lake Clark. They are younger than the granite and possibly 
belong to the Tertiary period of intrusion. 

Age. — ^Regarding the age of at least part of the granitic rocks the 
evidence is conclusive even to a rather close time interval. Quartz 
diorite of the normal type for this region was intruded into the 
Upper Triassic rocks on Bruin Bay subsequent to their close folding. 
Near by are broad areas of Upper Jurassic rocks which were not 
involved in this close folding and which are not cut by the granites. 
Middle Jurassic rocks are nowhere on Cook Inlet known to be cut 
by granitic rocks. The granites cut the porphyries and tuffs of 
Iliamna Bay, which are Lower Jurassic or older, and probably also 
cut rocks of similar lithology on Tuxedni Bay and north of Mount 
Douglas. From this evidence it may be concluded that the granitic 
rocks are certainly younger than the Triassic and older than the 
Upper Jurassic, and that they are probably older than the Middle 
Jurassic and possibly younger than part of the Lower Jurassic. 
Further evidence is yielded from the presence of granitic bowlders 
in the Mesozoic sediments. The Chisik c<Migl(Hnerate at the base of 
the recognized Upper Jurassic contains bowlders of granitic rocks 
of the same types as the granites which occur in the mountain areas. 
The conglomerates in the lower part of the Chinitna shale on Chisik 
Island (p. 66) and at and near the base of the Tuxedni sandstone on 
Iniskin and Tuxedni bays also contain pebbles of granite. The evi- 
dence of these conglomerates is, however, of no value if there are 
areas of older granite near the gneiss west of Iliamna Bay. The age 
of at least some of the granitic rocks may, however, be safely placed 
in the Lower Jurassic. This conclusion should be compared with the 
conclusions of Brooks, Knopf, Spurr, and Atwood for the age of the 
granites of the Alaska Range, Talkeetna Mountains, and Alaska 
Peninsula. 

The granitic rocks of the Alaska Range are, according to Brooks,* 
younger than the Tordillo formation, part of which at least carries 
the fauna of the Tuxedni sandstone, which is consequently very low 
in the Middle Jurassic. Younger rocks than these are not known in 
the vicinity of the Alaska Range granites, so the upper limit of the 
possible period of intrusion can not there be determined. 

1 Brooks, A. H., The Mount McKlnley region : Prof. Paper U. S. Geol. Survey No. 70. 
1911, pp. 91-92. 
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In the Talkeetna Mountains and upper Matanuska Valley are 
quartz diorites which Paige and Knopf ^ state are younger than the 
" andesitic greenstones," which they regard as of Middle Jurassic 
age, and older than the Upper Jurassic 

The granitic rocks of the western flank of the Aleutian Range in 
the vicinity of Naknek Lake are described by Spurr* as including 
syenite and homblende-biotite granite of pre- Jurassic age. The evi- 
dence of age consists in the presence of pebbles supposed to be de- 
rived from these rocks in beds of arkose which form part of the 
Naknek formation, now known to be of Upper Jurassic age. 

In the western end of the Alaska Peninsula in the vicinity of Chig- 
nik and Herendeen bays the oldest rocks, according to Atwood,' are 
Upper Jurassic, and intrusives of the granitic type are abs^t This 
may be accepted as corroborative evidence that the granitic rocks of 
southwestern Alaska are all pre-Upper Jurassic. 

It should also be noted, however, that the granites of Alaska include 
intrusions of much broader periods than are represented in south- 
western Alaska. Prindle* has determined some of the granite of 
the Yukon Valley to be Upper Cretaceous. 

TERTIARY ROCKS. 
8EDZMEKTARY BEDS. 

Areal distribittion. — ^Tertiary sedimentary beds, excepting those 
which are intimately associated with the Tertiary volcanic rocks and 
are described below, are locally restricted to a locality on the north 
shore of Chinitna Bay near its mouth. Only a single small exposure 
in the cliffs is known. The beds are horizontal, and the relations to 
the neighboring exposures of the beds of the Naknek formation are 
concealed. There is no evidence as to the area of these rocks, but it 
can not be large. 

Lithologic chardcter, — ^The following section shows the strati- 
graphic sequence at this point. 

Section of Tertiary rocks at mouth of Chinitna Bay, north sliore. 

Feet. 

Conglomerate with interbedded shale and sandstone 15 

Dark shale 20 

The shale at the base of the exposure contains several fossil tree 
trunks from 1 to 2 feet in diameter, at least two standing upright. 

^ Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and 
Talkeetna basing, Alaska : Bull. U. S. Geol. Survey No. 327, 1907, p. 20. 

* Spurr, J. E., A reconnaissance in southwestern Alaska in 1808 : Twentieth Ann. Rept. 
U. 8. Geol. Surrey, pt. 7, 1900, pp. 145, 232. 

• Atwood, W. W., Geology and mineral resources of the Alaska Peninsula : Bull. TJ. S. 
Geol. Survey No. 467, 1911, pp. 26-27, 29. 

^Prindle, L. M., The Fairbanks and Rampart quadrangles, Yukon-Tanana region, 
Alaska : Bull. U. S, Geol. Survey No. 337, 1908, pp. 26-27. 
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Numerous small sticks lie in the bedding of the shale. The tree trunks 
are silicified and show the structure of the wood very distinctly (922a). ^ 

The contact of the conglomerate and shale is very irregular. The 
conglomerate also contains much fossil wood, partiy lignitized and 
partly silicified (922b). 

Above the lower bed of conglomerate comes a few. feet of sandstone 
with shaly bands and lenses in which a few fossil leaves were col- 
lected (922c). 

Obsidian was also found at this locality, apparently being inter- 
bedded with the Tertiary rocks. A thin section shows slightly devit- 
rified glass containing rare quartz and feldspar phenocrysts. 

Flora and age. — The fossils collected at Chinitna Bay have been 
identified by F. H. Knowlton as follows : 

List of fossil plants from Tertiary beds at Chinitna Bay. 

No8. 922a, I). — Chinitna Bay: 

Coniferous fossil wood, not studied. 
No. 922c. — Chinitna Bay, near entrance on north side: 

Ginkgo adlantoldes (Ung.) Heer. 

Taxites olrlki Heer. 

Populus sp.? 

Corylus macquarrll (Forbes) Heer, 
Age — ^Arctic Miocene. 

These beds are presumably the general equivalent of the Kenai 
formation of tJie east shore of Cook Inlet. They differ from those 
beds in degree of induration and in the presence of associated vol- 
canic material, and probably bear a closer stratigraphic relation to 
the Alaska Peninsula type of beds carrying the Kenai flora. These 
latter beds occur just outside of the region here under discussion, 
being well developed in the vicinity of Cape Douglas. 

BASALTIC FLOWS AVD TTTFFS. 

Areal distribution. — Most of the shores of Iliamna Lake below the 
large islands at the mouth of Pile Bay, except those covered by 
sand and gravel, are made of basaltic rocks, including effusive sheets, 
tuffs, and probably some intrusive dikes and sills. A few thin beds 
of sandstone and shale were observed. These rocks cap all the high 
hills northeast of Intricate Bay, descending westward and reaching 
the lake shore just north of the end of the peninsula north of Intri- 
cate Bay. (See fig. 18, p. 109.) The basaltic rocks of this part of 
the area have a gentle westward dip but are not folded. The islands 
of Intricate and Kakhonak bays and the peninsula between them 
are likewise composed of basaltic tuffs, the basalt being prominently 
exposed in flat mesa caps where horizontal and in monoclinal strike 
ridges where steeply inclined. At most of the exposures the basalt 

^The fossil wood described by Ward from "Iliamna Bay" (Mon. U. S. Geol. Survey, 
vol. 48, 1005, pp. 146, 147) possibly came from this locality. 
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shows the typical vertical columnar jointing characteristic of such 
sheets. Basaltic sheets also cap the high hills between Kakhonak 
Bay and Kakhonak Lake, many of the lower ridges being of con- 
glomerate or conglomerate tuff. The latter rock is also exposed on 
some of the shores of Kakhonak Bay. These basic volcanic rocks 
with some interbedded conglomerate form the greater part of the 
south shore of Iliamna Lake from Kakhonak Bay west to a point 
about 25 miles east of the outlet of the lake. A few small outcrops 
protrude through the sands and gravels at scattered localities from 
here to the mouth of Newhalen River, from which point to the cape 
at the western side of Chekok Bay the shores and islands are entirely 
composed of these rocks except on the low beaches. Similar basalts 
and tuffs cap the high hills west of Newhalen River and Sixmile 
Lake. Basaltic masses, probably dikes or sills, occur at scattered 
points along the west shore of Lake Clark as far north as the head 
of Chulitna Bay. 

Basalts, probably to be correlated with those already describedy 
cap a group of high hills north of Chekok Bay and the low hill on 
the east side of Lake Clark about 7 miles northeast of Tanalian 
Point 

Petrographic character. — Sections of specimens of the basaltic 
rocks of Iliamna Lake, mainly taken from points on the south shore 
of the lake and neighboring islands, show them to be mostly augite 
andesites. They contain phenocrysts of plagioclase (labradorite and 
bytownite), common augite, and iron ores (magnetite and ilmenite), 
with abundant minute apatite. These are embedded in a ground- 
mass which, where crystalline, shows the same minerals, which appear 
as phenocrysts. This groundmass varies in crystallinity from micro- 
ophitic or microgranitic to a devitrified glass. Olivine was present 
among the phenocrysts of one section and possibly in another, a 
zeolitic amygdaloidal rock with opaque base and slightly weathered. 
As a whole these rocks are quite fresh. 

A limestone breccia cemented by volcanic material was found at 
what is presumably the local base of these rocks at a point on the 
north shore of Iliamna Lake, 3 miles west of the mouth of Chekok 
River. This rock is composed of fragments of limestone and a few 
of quartz and other material embedded in a black matrix. Here and 
there in the rock are slightly rounded pieces; many more are irregu- 
lar and angular in outline, but most of them are subangular. They 
range in size from a small fraction of an inch up to 2 inches in 
diameter, with few larger pieces. The majority are less than half an 
inch in diameter. The limestone fragments are of various colors, 
including white, light gray, pale bluish, salmon, and red. The few 
quartz fragments are white or salmon tinted, and the other unidenti- 
fied materials are black or rust^ red. The matrix is stony, dull, 
98163*— BulL 486—12 6 

Digitized by VjOOQ IC 



80 BECONNAISSANCE OF lUAMNA EBGION, ALASKA. 

dark gray, or black. For the most part the fragments have a ran- 
dom arrangement, but in places flattish pieces are parallel. The 
grouping is in some parts close, in others dispersed so that the 
matrix constitutes a notable portion of the rock. In appearance the 
rock is striking and very like the particolored marble breccias 
("Potomac marble") from the Triassic of Maryland. On the 
weathered surface of the rock there are pits, in places as deep as one- 
fourth of an inch, formed by solution of the limestone fragments. 
Even on comparatively smooth, wave- worn surfaces the larger lime- 
stone areas are slightly depressed. On the other hand the 
quartz makes little knobs. In rare instances the matrix is 
seen penetrating, for short distances, into crac^ in the lime- 
stone fragments. A slight peripheral bleaching or discoloration 
was noted on two pieces of limestone. Very narrow rims of luster- 
less black material border some grains and a thin rusty streak 
fringes others. Study of a thin section of this rock shows the lime- 
stone to be made up of fine interlocking crystalline calcite grains 
which are not twinned. The matrix contains both opaque, black, 
lusterless material and pale yellowish transparent material The 
latter is weakly birefringent or is made up of a cryptocrystalline 
aggregate of moderate or low birefringence. This material contains 
a few opaque grains with partial crystal outlines and with the color 
and luster of magnetite, and also a few minute bits of quartz (?). 
Around many of the limestone fragments are narrow fringes of 
twinned crystalline calcite, and there is also twinned calcite and 
limonite in cracks and cavities. That the matrix is a devitrified 
volcanic glass is suggested by its appearance under the microscope. 
This suggestion is strengthened by the peripheral discoloration of 
the limestone and the penetration of the matrix into the limestone 
as noted above. 

The red basalts on the summits of the hills west of Sixmile Lake 
are porphyritic, having basic plagioclase and iron ores embedded in 
an opaque vesicular base in one specimen, and in a microophitic 
vesicular base of plagioclase, pyroxene, and iron ores in another 
specimen. These rocks are somewhat weathered, though the feld- 
spars are still quite fresh. 

The mountain 6 miles north of Chekok Bay is capped by fine- 
grained diabase or diabase porphyry. This rock c(mtains, both as 
phenocrysts and in the groundmass, basic plagioclase, augite, and 
magnetite or ilmenite associated with apatite. Decomposition of 
the feldspars and augites of these rocks is common. They are more 
weathered than most of the other basaltic rocks, and are much 
broken by joints into small irregular blocks with rusty weathered 
surfaces. On the mountain 8 miles north of the mouth of Chekok 
Biver this rock lies above porphyries, and is probably in the shape 
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of a nearly flat sheet. Its other geologic relations were not definitely 
discernible. 

The rock on Lake Clark 7 miles northeast of Tanalian Point is 
petrographically very similar to that north of ChekcJc Bay. Here 
again it was found on the top of a hill whose base was porphyry and 
tuff. The relations were not determined. i 

Stratiffrapkie relations. — ^These rocks are considered to rest un- 
conformably upon the rhyolitic lavas and tuffs already described. 
The chief evidence of the unconformity is the fact that the basaltic 
volcanic rocks are nearly everywhere flat or have low dips, while 
the rhyolitic rocks in most places stand at high angles. Along the 
south shore of Iliamna Lake from 15 to 25 miles below the head of 
Pile Bay the basalt caps the hilltops and is nearly flat, whereas the 
rhyolites outcrop along the shore, standing in many places at high 
angles. (See fig. 18, p. 109.) The same condition holds along the 
sides and base of the mountain 25 miles east of the lower end of 
Iliamna Lake. West of Sixmile Lake and Newhalen River, flat 
basalt sheets cap the hilltops and the rhyolites are below, but here 
the structure of the lower beds was not observed. The basaltic rocks 
are considered younger than the rhyolitic rocks, and to be mostly un- 
oonformably above, though in places intrusive into them. 

Evidence showing the former to be the relationship was seen at 
Millet's prospects west of Chekok Bay, where along the beach and 
a short distance back from it are exposures of tuff, tuffaceous con- 
glomerate, and lavas, which are considered part of the formation 
here described. The rocks in contact with th«n are older (Lower 
Jurassic?) volcanic rocks and Upper Triassic limestone. The con- 
tact of these older rocks with each other runs northward from a 
point near the shore. The younger volcanic rocks lap unconform- 
ably over both of these, their northern boundary running approxi- 
mately east and west and intersecting the shore of the lake at the 
locality where the limestone breccia described on pages 79-^0 was ob- 
served. At this point the breccia rests upon the upturned edges 
of the coral-bearing limestone (p. 42). It is considered to have 
been probably formed by a Tertiary lava flowing over and incor- 
porating the rubble on the limestone surface. 

Flora. — The sandstones which are probably at the base of the 
basaltic rocks have yielded small collections of fossil plants at two 
localities. These have been identified by F. H. Knowlton as follows : 

Fossil planta from hase of basaltic rocks on Iliam/na Lake. 

No. 4. — South shore of Iliamna Lake, 25 mUes below head of Pile Bay 
(three-foarths of a mile southwest of Cache Point) : 

CJorylus macquarrii (Forbes) Heer. 

Taxodium dlstichum miocenum Heer. 
Age — undoubtedly Tertiary, 
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No. 5. — South shore of Illanma Lake, 29 miles east of outlet (2 miles west 
of Salmon Creek) : 

Taxodium or Sequoia sp. 

Salix sp.? 
Age — presumably Tertiary, but material pretty poor. 

Age and correlation. — These rocks evidently correspond in position 
and age with the basaltic lavas and tuffs from the Talkeetna Moun- 
tains described by Paige and Knopf/ which are regarded as of late 
Tertiary age, and also with at least part of the Tertiary volcanic 
rocks of the Alaska Peninsula. They are also of the same petro- 
graphic type as the Recent lavas and tuffs of the now active volcanoes 
of Cook Inlet and the Alaska Peninsula. 

QUATERNARY DEPOSITS. 

GLACIAL DEP08ZTB. 

AKEAL EXTENT. 

Although glaciers once occupied the greater part of this region, as 
is shown by the general physiographic features, as well as by the 
presence of more minutely scoured exposures, the surface areas of 
unmodified glacial deposits, such as till, are rather small. In fact, 
such material was seen only in the immediate vicinity of the existing 
glaciers (see map, PI. I) and in the lower part of the valley of Ne- 
whalen River, for short stretches at the base of the bluffs on the lower 
part of Hiamna Lake, and along the upper part of Kvichak River. 
It may be stated, in anticipation of conclusions reached below, that 
the general absence of till is explained in part by the fact that the 
glaciation was of alpine character and so vigorous that the glaciers 
and the glacial floods and mountain-side erosion, which accompanied 
and followed their extinction, obliterated in large part their construc- 
tive products, and in part by the fact that drowning of the lower 
glacial sites, during and subsequent to the retreat of the ice, buried 
the larger accumulations of moraine beneath younger water-laid de- 
posits. It follows from the latter condition that glacial deposits have 
a much wider extent beneath the terrace and alluvial deposits than 
they have at the surface. 

CHARACTEB OF THE DEPOSITS. 

Good exposures of glacial till were seen on the north shore of 
Iliamna Lake, from 13 to 16 miles west of Newhalen River. The best 
of these exposures is represented in the following section : 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Hatanuska and 
Talkeetna basins, Alaska : Bull. U. S. Oeol. Surrey No. 327, 1007, pp. 29-30. 
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Section on north shore of IHamna Lake, 15 mUea west of Newhalen River, 

Feet 

Dune sand If 

Stratified gravel 8 

Stratified sand, very fine grained 17 

Glacial till to lake level 32 

The upper surface of the glacial deposits in these exposures is 
clearly marked by the abrupt change in lithologic character from 
the cleanly washed and well-stratified material above to the hetero- 
geneous mass of unsorted material below. The till consists of un- 
weathered sticky clay in which is embedded a great variety of 
material, ranging in grain from sand to blocks of rock several feet 
in dimension, and including rounded, faceted, and angular pieces 
of rock typical of most or all of the more resistant kinds seen in 
outcrop on Iliamna and Clark lakes. The contact between the 
morainic accumulation below and the stratified beds above is also 
marked by a line of springs caused by the porosity of the upper and 
the relative imperviousness of the lower beds. The upper surface of 
the till slopes westward, passing below the level of the lake, near the 
cape, 16 miles below Newhalen River. The local slope of the upper 
surface of the till appears to be about 30 feet per mile. 

The best exposures of till on the Kvichak River are about 7 
miles below the outlet of Iliamna Lake. The till here occupies most 
of the river bluffs, apparently being capped by a thin layer of 
stratified gravel and sand. The fact that the till here rises to a 
greater height than at the locality described above on the north shore 
of Iliamna Lake is regarded as caused by the presence at this point 
of a high ridge of terminal moraine, marking a long resting stage in 
the retreat of the Iliamna Lake Glacier, if not the position of its 
ultimate front. 

Unmodified glacial deposits also were seen in the lower part of the 
Newhalen Valley, from 2 to 5 miles from the shore of Ilianma Lake. 
The character of these deposits is indicated by the hummocky surface 
typical of morainic topography. No sections of the beds were 
exposed. 

CONDITIONS OF DEPOSITION. 

Existing glaciers. — ^The existing glaciers of this region are not 
nearly as numerous as in other coastal parts of southern Alaska and 
they are not large. Only in the vicinity of Mounts Iliamna and 
Douglas, and outside of the area covered by the actual mapping, are 
there large unbroken areas above snow line which are competent to 
form the gathering grounds for extensive glaciers. Within the dis- 
trict shown on the map the areas above snow line are individually 
small and much broken up by lower valleys, and the glaciers are 
consequently limited in extent. 
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All of the larger streams tributary to Lake Clark near its head 
have their sources in glaciers. Most of these are, however, outside of 
the area mapped. 

The four northernmost valleys on the east side of Lake Clark, 
above a point opposite the mouth of Tlikakila River, contain glaciers 
descending from the snow fields about 6,000 feet above tide. The 
smallest, something less than a mile long, descends to about 4,400 feet, 
while the northernmost and longest sends a very narrow tongue down 
to 2,000 feet about 2 miles below the cirque. 

The vallqr of Currant Creek contains one or two very small gla- 
ciers, which were seen but not mapped, and is reported to contain a 
larger glacier farther east 

Near the head of the Kontrashibuna drainage there are 15 glaciers 
shown on the map, all just below the crests of ncHiibward-facing 
slopes. Just beyond the mapped area are many more. The lowest 
of these lies at an altitude between 3,400 and 4,800 feet, approxi- 
mately, but most of them are between 4,000 and 6,000 to 6,800 feet. 
Th« largest is barely a mile in extreme length. 

Another very small glacier is about 12 miles north of the head of 
Pile Bay, on the northwest face of the ridge west of Pile River. 
It lies between 3,600 and 4,500 feet above tide. 

One of the smallest of all the glaciers of this region is about 3 
miles west of the head of Iliamna Bay, and between the Iliamna and 
Hicks trails. It lies in the head of a gulch on a north slope at an 
elevation of about 3,000 feet. 

The snow fields around Mount Iliamna send out several valley 
glaciers of fair size. Three of these go out to the south and are trib- 
utary to streams entering Chinitna Bay. They are known as East, 
Middle, and West glaciers. Another good-sized valley tongue goes 
out to the north and is tributary to the unnamed stream at the head 
of Tuxedni Bay. Several other glaciers of this type must flow west 
from these snow fields, but nothing is known of their position or size. 
The abundance of glacial silt in the waters of Iliamna and Pile 
rivers and of all the larger streams east of Lake Clark is conclusive 
evidence of the existence of many glaciers in that region. 

The high country around Mount Douglas and the neighboring 
peaks at the north end of the Aleutian Range is the feeding ground 
for many glaciers. Seven or eight large glaciers, several of which 
reach almost to tidewater, are known to radiate from the snow fields 
in that locality. 

The distribution and size of the existing glaciers appear to be 
governed primarily by the extent of large unbroken areas at hi^ 
altitudes. The information at hand does not warrant a positive 
conclusion as to whether there is within this region a geographic 
difference in degree of glaciation independent of that based upon 
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the extent of the high level areas. Such a further difference in 
present intensity of glaciation would be expected from the differ- 
ences in temperature and precipitation which are believed to exist 
between the eastern and western sides of the Chigmit Mountains, but 
the actual observations on position of snow line and size of glaciers 
in the different parts of the region are not sufficient to positively 
confirm the conclusion that such is the case. It is an undoubted 
fact that the glaciers descend to lower altitudes in the Cook Inlet 
drainage than in the Bering Sea drainage, but this finds a possibly 
sufficient explanation in the fact that the divide lies well toward 
the eastern boundary of the mountains so that ihe eastward gradients 
are far steeper than the western. 

Former glaciation. — ^The existing glaciers are insignificant in size 
and number in comparison with the recent but earlier and more 
extensive glaciers. The presence of these glacierlets therefore does 
not permit the positive conclusion that conditions now favor the 
development of glaciers in all of the areas of this region which 
they now occupy. It is perhaps rather to be supposed that some 
of these are but dying remnants of the earlier glaciers. 

All the larger valleys of the region, and east of longitude 154® 30' 
almost every considerable valley and even the inconspicuous gulches 
on the northerly slopes of the higher divides have been occupied by 
glaciers. This is evident by the U-diaped cross sections, the glacial 
scouring and debris, and the cirques. The glaciation was strictly 
alpine, that is, the glaciers were confined to and directed by pre- 
glacial drainage lines. As a result the higher interstream areas 
are unglaciated, whereas the lower portions of the valleys have 
been modified by glaciation, so that a striking topographic uncon- 
formity has been developed. In the higher nonglaciated interstream 
areas there are uniformly well developed, fairly mature, open 
V-shaped tributary valleys with sharp ridges intervening. In the 
lower areas are almost plane slopes on which the tributary streams 
are either not at all intrenched, or are but slightly incised in nar- 
row gorgea The character of these two physiographic types is well 
shown on Plate VIII, -4, page 86. In some places the development 
of the glaciated type of physiography has been due to the truncating 
or complete erosion of the ends of the minor interstream spurs, leav- 
ing the sides of the major valleys in which the glaciers moved, 
steeper than the unglaciated parts and smooth and regular up to 
the height of the former ice surface. In other places the lower areas 
have been filled with glacial debris and their slopes have been de- 
creased. The preglacial topography which remains at higher alti- 
tudes has at lower altitudes been effaced, in one case by degradation, 
in the other by aggradation. The truncation of interstream spurs 
is well shown on tlie west of the Tlikakila Biver and on Tanalian 
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Mountain. The filling and mantling of preglacial topography is 
seen to advantage on the south face of the mountains north of Chekok 
Bay. 

The Lake Clark valley received large ice streams from the valleys 
of Tlikakila and Chokotonk rivers and Currant Creek. The gather- 
ing grounds for these glaciers lay mainly to the east of the region 
mapped. Ice entered Lake Clark valley from Kontrashibuna Valley 
through the valley of Tanalian River, and possibly also through the 
pass east of Tanalian Mountain. Kontrashibuna Glacier received 
tributary ice streams from dozens of cirques all al<Hig both sides of its 
course, except from Tanalian Mountain, which faces south, and also 
from a great number of cirques in the high mountains on the edge 
of the mapped area and eastward. Two or three small glaciers also 
came out from small valleys below Takoka Creek. There is no good 
evidence that there were, to the west of these, other ice streams 
tributary to Lake Clark from the east, and on the west side of Lake 
Clark there was apparently none below Tlikakila River. It is a note- 
worthy fact that, in the upper part of Lake Clark valley, the moun- 
tains east of the lake are clearly shown by their physiographic 
character to be glaciated to a considerably greater height than the 
mountains on the west side of the lake. This is regarded as evidence 
that the bulk of the glacial flow came from the east and that the 
valley of Lake Clark existed prior to the glacial invasion and de- 
flected the westward glacial flow from the Chigmit Mountains so 
that large areas west of the lake were not overridden. 

The Tazimina Valley glacier received its ice chiefly from the 
mountain area at the head of the drainage basin. There was one 
important tributary from the southeast entering at Chekok Pass 
and many small ones from the south valley wall. Ice lay in the 
col on Chekok Pass and probably moved northward at times and at 
other times southward. 

Knutson Creek glacier headed against the area tributary to Taz- 
imina Glacier with which it was probably merged in the ice that lay 
in a col between the two drainage basins. Along the present Elnutson 
Valley, 10 small tributary glaciers entered from the east, but there 
were none from the west. 

Pile River glacier headed beyond the mapped area. About 4 miles 
above the head of Pile Bay it received a large glacier frcHn the north- 
west whose feeding grounds adjoined that of the Tazimina Glacier, 
and also lay on the westward-facing slope of the ridge west of the 
lower part of the valley of Pile River. 

The valley of Iliamna River was occupied by a glacier formed by 
the fusion of glaciers in the north and south fork. The former "was 
fed mainly beyond the limits of the district mapped. So also in 
part was the latter, but it received many small glaciers from the area 
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.1. ACCORDANT MOUNTAIN SUMMITS. 

Showing Mount lliamna r-sing above them and smooth glaciated slopes below. Looking northeast from point near 

head of Pile Bay. 



n. MOUNT AUGUSTINE FROM THE WEST. 
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between it and Chinkdyes Creek. The valley of this creek received 
many small glaciers which united and flowed down to Hiamna. The 
Iliamna and Pile River glaciers overrode the ridge separating their 
lower courses and there united. About a mile or two northeast of 
Pedro Bay this ice stream joined that coming down Knutson Bay. 

At the headwaters of Kakhonak River and in the neighboring 
valleys were a number of glaciers. Their extent and distribution is 
not well known, but most of them probably united in the main 
valleys and extended as low tongues to Iliamna Lake basin, where 
they met the ice streams from further northeast. 

The lower end of the Lake Clark glacier perhaps sent a lobe up 
the Chulitna Valley and up the valley entering the extreme south- 
west comer of Lake Clark. Another lobe entered Kokteekish Pass 
to meet one from the Tazimina? Glacier. The main mass of ice 
probably moved through the basin of Sixmile Lake and Newhalen 
River, there receiving the Tazimina Glacier and continuing to the 
Iliamna Lake basin, where it united with other ice streams from 
the northeast and east. In the lower part of the Iliamna Lake basin 
the combined glacier with a width of from 35 to 40 miles extended 
at least as far as the present foot of the lake. 

Iniskin and Iliamna bays and Ursus Cove, all received glaciers 
from the valleys entering them. At the mouth of Iliamna Bay the 
mountain sides are glaciated up to an elevation of at least 1,000 feet 
Therefore it is probable that these glaciers rode a little distance out 
into what is now Cook Inlet, but whether into open water or to join 
a large glacier filling the Cook Inlet basin is not known. 

The glaciers filling the major valleys to considerable depths, in 
several instances blocked, without themselves filling, tributary 
valleys. Such, for example, are the valleys entering Lower Tazimina 
Lake from the north and those directly north of this point which 
enter Lake Clark from the southeast. The passes between the two 
lakes by way of these valleys have flat gravel floors, the one in the 
pass 7 miles east of Kokteekish Pass being at an elevation of 1,900 
feet. These valleys were blocked by the ice of the Lake Clark and 
Tazimina glaciers and were probably filled by both outwash from 
the glaciers and by the mountain debris carried down the tributary 
gulches. Whether these deposits were laid down in dry or in water- 
fiUed basins could not be determined, for even where postglacial 
erosion has gullied and terraced these deposits they are mantled by 
grass and small shrubbery. It, however, seems probable that these 
blocked valleys held ponds. 

Similar deposits (fig. 3) were found in the valleys of the streams 
entering Lake Clark 7 and 5J miles below Tanalian River. In the 
latter valley the gravels seem to harve formed a broad floor about 
2,400 feet above tide in the basin at the forks of the stream and to 
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have extended through a col to the valley of the next small stream 
to the north. Recent erosion has terraced this deposit, leaving only 
remnants at the higher elevations here and there on the valley wadls. 
In its lower course the stream has cut a gorge 300 feet deep in these 
gravels. The valley east of the mountain 7 miles north of Chekok 
is another one which is thus filled because of a former ice dam. 

The height of these gravels in blocked valleys affords one clue as 
to the summit of the glaciers. Along the south side of Lake Clark 
this appears to have been about 2,000 feet at Kokteekish Pass and 
2,400 feet at a point about 4 miles below Tanalian Point. These 
figures correq)ond with the height of glacial erosion cm the mountain 
sides along Lake Clark. Farther up the lake the high gravels were 
not seen, but the height of the ice is well marked by the maximum 
height of the truncated mountain spurs. By this criterion the ice in 
the vicinity of the mouth of Tlikakila River was about 3,000 feet 
above tide. The thickness of this ice stream must have ranged be- 
tween 2,500 and 3,500 feet The slope of the ice surface, according to 
these figures, was nearly 30 feet to the mile in the valley of Lake 
Clark. In the other larger valleys, including those of Kcmtrashibuna, 
Tazimina, Pile, and Biamna rivers, evidence for the determinations 
of the thickness of the ice is not so reliable as that on Lake Clark. 
But it is probable that the ice lay in these valleys up to elevations of 
about 3,000 feet at their heads and about 1,800 feet near their mouths. 
These statements of course apply only to the large c<xnposite ice 
streams in the master valleys. The tributary and head glaciers lay 
at elevations above 3,000 feet up to 6,000 feet, descended over steep 
gradients, and were not so thick. Over the lowlands around Road- 
house Mountain and Chekok Bay, where the Clark and Tazimina 
glaciers and those from the east met, they spread out notably, and as 
would be expected the upper limit of glaciated surfaces and glacial 
debris descends to about 1,400 feet. In the still broader basin of 
Iliamna Lake, which received practically all of the glacial ice of the 
region, the glacier deployed considerably and its surface stood at a 
still lower elevation. 

TESSAOB OBAVnS. 

ABEAL EXTENT. 

Broad areas on the shores of Lake Clark below Currant Creek, on 
the north shore of Iliamna Lake west of Chekok Bay, and on the 
south shore of Ilianma Lake for 25 miles east of the outlet are 
covered with stratified gravels and sands. The same deposits extend 
throughout the Kvichak Valley and the Bering Sea coastal plain. 
These deposits occur in minor development in other parts of the 
region, but are there conspicuous for their small and irregular extents 
On the west shore of Cook Inlet they were seen on the north shore 
of Ursus Cove at the mouth of the valley heading near Cottonwood 
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Bay, and on the neck of land connecting the peninsula -at the mouth 
of Bruin Bay with the mainland. 
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io Miles 

FiGUBE 3. — Map showing observed distribution of the higher gravels southeast of Lake 

Clark. 

The areal extent of the better-developed terrace gravels at lower 
altitudes is shown on the geologic map (PI. II). These are regarded 
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as having been deposited in estuarine waters and are ccmsequently, 
in general, uniformly well developed and conceal the hard rocks over 
ln^>ad areas. Other gravels (pp. 87-88, 91-92) at hi^er altitudes, 
which also occur partly in terraces, were mapped in part of the 
region. The areal extent of these, as far as mapped, is shown on 
figure 3, page 89. 

CHABACTEB OF THE DEPOSITS. 

The character of these beds, as exposed in the bluffs on the shore 
of Iliamna Lake, is well shown in the following sections: 

Section of terrace deposits on north shore of Iliamna Lake, 18 miles west of 

Newhalen River. 

Feet 
Sand and wavel In thin beds of diverse character and de- 
gree of homogeneity 6 

Gravel, containing pebbles one-half to 1 inch in diameter, 

roughly to smoothly rounded 12 

Sand, very fine-grained and cross-bedded 30 

Ck)ncealed to lake level 12 

Section of terrace deposits one-half mile east of the last. 

Feet 

Dnne sand with much vegetable material 8 

Fine gravel with pebbles about one-half inch in diameter., 5 
Sand, very fine grained, with suggestion of wind-bedding, 

and in places with iron crusts 30dr 

Concealed to lake level 10 

Section of terrace deposits on north shore of Jlianma Lake, 16 miles west of 

Newhalen River. 

Feet 

Dune sand 31 

Gravel 10+ 

Fine sand to lake level 42 

The section given on page 83, which is 1 mile east of the last, also 
shows the character of these deposits and of their contact with the 
underlying beds. 

The deposits exposed on the south shore of Iliamna Lake 15 mUes 
east of the outlet are composed of fine sand with poorly defined 
stratification, containing pebbles and bowlders of many igneous 
rocks, including granite, porphyry, rhyolite, basalt, and tuffs of 
various kinds. 

Numerous remains of a mammoth were found by A. L. Pinart in 
the bank of Kvichak River. Paleontologic descriptions of the ma- 
terial have been published by Gaudry,* but no information was 

* Gandry* A., Sur une dent d'Eleplias prinUgeniuB, trouvtfe par M. Pinart dans 
r Alaska: Compt. Rend. Acad. Scl., Paris, vol. 75, 187^2, pp. 1281-1283; Sur one dent 
6*Elephas primigeniua, trouv^ sur la riviere Konitchak, dans TAlaska: Vojages H la 
e6te nord-onest de rAm4rique, Paris, 1875, pp. 29-31, PL A. 
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given concerning the exact locality or the character of the beds con- 
taining the remains. 

The surface of these beds is beautifully terraced, well-marked 
benches being especially distinct at the end of the portage 4 miles 
northeast of the mouth of Newhalen River and at Millet's camp 
3^ miles west of Chekok River. At each of these points several 
parallel beaches were observed, the highest being about 40 feet above 
the level of the lake. Similar beaches extending up to an elevation 
of about 100 feet above the present lake level were seen at a point 
about 23 miles east of the outlet of the lake. 

These terrace deposits and the abandoned beaches are not well 
developed at the eastern end of the lake, although they were observed 
in places. A distinct bench is shown on the islands of Kakhonak, 
Intricate, and Pile Bays, as well as on the scattered islands in other 
parts of the lake. They are, however, cut benches rather than con- 
structional beaches. 

The terrace deposits were observed on the shores of Cook Inlet 
only at Bruin Bay and Ursus Cove. At the former point the neck 
of the peninsula projecting from the south shore of Bruin Bay is 
filled in by a deposit of cross-bedded and locally indurated sand and 
gravel. The deposit is 80 feet thick at this point, and is well ter- 
raced on the west side of the peninsula. Similar deposits occur on 
the south shore of the bay, west of the island, but were not observed 
except from a distance. 

The valleys tributary to Iliamna Lake on the north side east of 
Newhalen River, and the valleys tributary to Lake Clark from the 
east, contain terraced gravel deposits of a somewhat different type 
and extending high up the mountain sides. (See fig. 3.) 

On the east side of Knutson Creek a gravel terrace with smooth 
top and steep face about 40 feet high was seen. It appears to have 
been developed by the reworking of originally morainic material. 
Along the north shore of Knutson Bay there is a gravel terrace about 
20 feet above the lake, sloping slightly for one-fourth to one-half 
mUe to the base of Knutson Mountain, where it is perhaps a hun- 
dred feet above the lake. Extending westward from Knutson Moun- 
tain, this terrace merges into the broad lake-dotted gravel plain north 
of Chekok Bay. Northward this plain rises by very gentle slopes to 
an elevation of over 1,200 feet at the base of the mountains. Che- 
kok River, Canyon Creek, and other streams have notched terraces 
in this deposit, and now occupy rather narrow canyons in the gravels. 
Canyon Creek, however, is so named because of a canyon, 300 feet 
deep in one place, which is cut in granite. Along this canyon the 
gravel mantle is comparatively thin and lies on a gently sloping rock 
bench. 
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The minor valleys and gulches m the mountains, 7 miles north of 
Chekok Bay, have these p^vel terraces extending up to a nearly uni- 
form level of about 1,400 feet. Above this height the streams have 
open mature valleys within the mountains; below it they are in- 
trenched in recent gorges in the gravel plains. The gravels extend 
westward along the face of these mountains and through the pass be- 
tween them and Roadhouse Mountain. They also occur on both sides 
of Tazimina River and Lakes, and continue northward from the 
foot of Lower Tazimina Lake, through Kokteekish Pass, to merge 
with those on the south side of Lake Clark. 

On the south side of Lower Tazimina Lake the mountain wall lies 
nearer the shore than on the north side, and is quite steep, so that 
the gravel terrace is neither wide nor high, but at the southwest end 
of the lake the gravels run up to about 1,400 feet, forming at least 
four distinct benches at about 800, 1,000, 1,200, and 1,400. fe^ above 
sea level. On the north side of the lake there is a pond-dotted 
gravel plain about a mile wide, with one distinct bench at about 1,000 
feet. From this bench the gravels slope up to the mountains, extend 
into the valleys, and fill a 1,900-foot pass to the Lake Clark drainage. 
On the east side of Lake Clark from Kokteekish Pass to Currant 
Creek and extending up the valley of Tanalian River there are wide 
gravel deposits bordering the lake and lying up to 600 or 800 feet 
above the lake. At a few places there are rock outcrops on the 
beach, so that it seems likely that the gravels lie on a rock bench. 
These gravels rise from the beach in two or three terraces and are 
marked by long ridges paralleling the shore, between which lie sev- 
eral elongated ponds. 

The valleys entering Lake Clark from the east are gravel-filled 
up to elevations of 2,000 to 2,400 feet at successively higher levels 
on the creeks toward the head of the lake. 

The lower part of the vaUey of Kontrashibuna Lake and Tanalian 
River are flanked by gravel terraces lying as high as 1,000 to 1,100 
feet. They are narrow and lower or lacking where the mountain 
walls descend steeply to the lake. 

CONDITIONS OF DEPOSITION. 

These terrace deposits were probably derived chiefly, if not almost 
entirely, from glacial detritus. They were laid down in their present 
position by water. 

The terraces at the lower levels on Hiamna and Clark lakes prob- 
ably consist chiefly of material deposited near its present position 
as moraine and reworked by waves. The waters in which the rework- 
ing and redeposition were accomplished are believed to have been 
those of an estuary extending from the present Bristol Bay into the 
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lower ends of the valleys of niamna and Clark lakes. The reason 
for the postulation of an estuary rather than a larger lake follows 
from the absence of a barrier high enough to hold a lake up to the 
higher terraoe levela The absence of the terraces and terrace de- 
posits in their complete development at the upper ends of the lakes 
is ascribed to the presence of large glaciers in these localities during 
the time of the formation of most of the terraces. The higher eleva- 
tion of the terraces on Lake Clark may be explained as due to the 
presence of the large Tliamna Lake glacier across the lower end of 
the Newhalen Valley after the Lake Clark glacier had retreated well 
up ihe lake. The waters in which these were laid down were thus 
lacustrine rather than estuarine. 

The higher terraces in the Chekok, Tazimina, and Kontrashibuna 
valleys and east of the lower end of Lake Clark, which are shown 
on figure 8 (p. 89), are regarded as having been deposited in a series 
of small local marginal lakes in small valleys tributary to the larger 
valleys which were occupied by the main glaciers. These marginal 
lakes existed because of ponding by the main ice stream, and were 
hence local temporary features existing only at favorable times and 
nlaces. 

BEACH AHD IXOOD-PLAIK DEPOSITS. 

Beaches are well developed on the lower ends of Iliamna and 
Clark lakes, but are noticeably absent on much of the shores of the 
upper ends of these lakes, where glacial erosion has been most active 
and where glacial and terrace deposits are less abimdant. The differ- 
ence in degree of development of the beaches is in part due to the 
fact that the lower ends of the lakes are older, as the ice retreated 
from them before it left the upper ends. It is, however, in larger 
part caused by the presence of abundant unconsolidated deposits at 
the lower ends of the lakes and of resistant granite at the upper 
ends and by the fact that the lower ends of the lakes are broader and, 
in the case of Iliamna Lake, less broken up by islands, so that the 
waves have broader sweep. 

Beaches are not well developed on the coast of Cook Inlet south 
of Chinitna Bay, apparently because of the youth of the coast and 
the absence of unconsolidated materials on which the waves could 
easily work. 

Flood-plain deposits are well developed in many of the larger 
valleys, such as those of Iliamna River, Pile River, Knutson Creek, 
Chekok River, Tazimina River, Tanalian River, Currant Creek, 
Chokotonk River, and Tlikakila River. These deposits form the 
flat alluvial floors, which are particularly broad along their lower 
portions. They are made up chiefly of coarse gravels, largely of 
ultimate glacial origin, on the upper parts of their courses and of fine 
sand and clay near their mouths. SomQ Qf them, like Tlikakila 
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River, Chokotonk River, Currant Creek, and Pile River at their 
debouchures, have " reentrant deltas,'' built in fiord heads. Tanalian 
River has built a delta, Tanalian Point, in Lake Clark. Notable 
alluvial deposits on Kontrashibuna Lake are the cones and deltas 
which Kasna, Takoka, and other creeks have built into the lake. 

REOEVT VOLOAHIO DEPOSITS. 

Mounts Iliamna, Redoubt, and Augustine (see PL VIII, B^ p. 86) 
are volcanic peaks which are still to be classed as active. Augustine 
had a violent eruption ^ in October, 1883, and is still giving off steam. 
Redoubt had an eruption on January 18, 1902, which sent showers of 
dust over the country from Lake Clark to the Skwentna Valley, and 
it is still giving off steam and occasional light showers of dust. Ili- 
amna is not definitely known to have erupted in historic times, and 
small but fairly persistent clouds of steam are its only signs of life. 
There are, however, unsubstantiated newspaper accounts* of an erup- 
tion in 1854. 

The entire area of Augustine Island is covered with volcanic de- 
tritus, chiefly ash, although some lava is present. The character of 
the material was determined by Becker* as andesitic. 

The beach between Tuxedni and Chinitna bays is strewn with 
numerous fragments of a very fresh vesicular olivine basalt. It is 
considered highly probable that these fragments were derived from 
a recent lava stream from Mount Iliamna. On East Glacier Creek 
and near the base of Mount Iliamna volcanic rocks were seen which 
were considered as being recent flows from this mountain. One of 
these is an augite andesite consisting of phenocrysts of basic plagio- 
clase, augite, and magnetite thickly studded in a microcrystalline 
groundmass of plagioclase and minute magnetites, with probably 
also some augite. Another specimen from this vicinity is a red 
porphyritic basalt containing laths of plagioclase, and possibly 
augite, in an opaque base. Cavities in the rock contain calcite. 

STRUCTUBE. 
INTRODUCTION. 

The following pages are intended to include all the available facts 
bearing on the structure of this region. In many areas the actual 
structure is not known, but it nevertheless seems desirable to present 

^ DayidsoD, George, Notes on the volcanic eruption of Mount St. Augustin, Alaska, Oct. 
6, 1883 : Science, vol. 3, 1884, pp. 18e-189. 

'Alaska's great volcano: Bvenisg Star, Washington, D. C, Jan. 22, 1876* p. 7 (re- 
printed from San Francisco Chronicle). 

'Becker, G. F., Reconnaissance of the gold fields of southern Alaska, with some notes 
on the general geology : Eighteenth Ann. Bept U. S. GeoL Survey, p. 8, 1898, pp. 28-30. 
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here the known facts, even if it is not possible to interpret them and 
to describe systematically the structural relations. 

It will be noticed that considerable detail is presented in the pages 
dealing with the Cook Inlet forelands, while there are less definite 
conclusions and far less detail for the other districts. The reasons 
for this inequality of detail are that the better known stratigraphic 
relationships in the former district permit more refined structural 
observations, while the more complex structure in the rest of the 
region introduces problems which would be difficult of solution even 
if there were unaltered sedimentary beds of known sequence upon 
which detailed structural observations could be made. 

The matter presented under this heading must necessarily appear 
to be a mass of undigested facts. It is admitted to be just that. 
The reader should, however, remember that it is not intended as a 
systematic discussion of the structure, but rather as a record of the 
existing observaticms, made for the benefit of future observers. 

COOK INLET FORELANDS. 
GXVX&AL rEATVBEB. 

The Cook Inlet forelands as a structural district to be discussed it 
this report may be defined as that portion of the Cook Inlet basin 
(see pp. 26-27) which lies between the west coast of Cook Inlet and 
the base of the Chigmit Mountains. The most logical position, struc- 
turally, for its western boundary is along the great fault or zone of 
faulting described below (pp. 96-100), which is at most places 
the western limit of the areas of Middle and Upper Jurassic sedi- 
mentary rocks. This is not, however, the limit of the geographic 
area discussed under this heading, which for purposes of conveni- 
ence includes a complete discussion of the structures exposed on each 
of the bays entering C<x>k Inlet from the west, except Iliamna Bay, 
which is regarded as lying wholly within the Chigmit Mountains. 

The Cook Inlet forelands are characterized structurally by the 
presence of bedded sheets of sedimentary and volcanic rocks, which 
are not metamorphosed and most of which are but gently folded. 
They are cut by intrusive masses which are in general neither large 
nor numerous, and whidi by their intrusion have apparently not 
appreciably altered the lithologic character or the structure of the 
adjacent rocks. 

LOCAL OBSEETATIOHB. 

Ttuffedni Bay. — ^The rocks exposed on Tuxedni Bay consist of gran- 
ites at its head, a belt of volcanic rocks farther east, and a belt of 
Jurassic sedimentary rocks (Tuxedni, Chinitna, Chisik, and Naknek 
formations) on the lower part of the bay and cm Chisik Island. 
d8168'— BuU. 486—12 7 
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The granites include rocks of considerable diversity in composition 
and may represent several intrusions. If such various masses exist, 
their relations among themselves have not been determined. The 
contact of the granite mass with the volcanic rocks east of it is sup- 
posed to be one of intrusicxi, although the relations have not been 
determined locally. 

The volcanic rocks likewise include several types of which the inter- 
relations are not known. They may include successive flows, flows 
with intrusive masses cutting them, or either or both kinds of rock 
brought into their present structural arrangement by folding or fault- 
ing, or both. The nature of the contact of the volcanic rocks with the 
west^n edge of the sedimentary rocks east of them is not known. 
One of three possiUe relaticms exists. The Tuxedni sandstone, which 
is the lowest and westernmost of these sedimentary formations, may 
rest conformably or unconformably upon the vokanic rocks, the two 
may be separated by a fault, or the easternmost member of the vol- 
canic rocks may locally be a dike younger than the Tuxedni sand- 
stone. The fault relationship is believed, for reasons that will appear 
below (p. 97), to be the most probable. 
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FioUBB 4. — Section showing fiiults on sooth shore of Tuxedni Bay» 2 miles west of 
Chlslk Island. The beds In this section are numbered as in the stratigraphlc section on 
pages 60-61. 

The several sedimentary formations belong in normal, conformable, 
stratigraphic sequence one above the other in the order of their areal 
distribution from west to east. In harmony with this sequence there 
is a general easterly dip in this part of the bay. 

This dip continues without interruption, except possibly between 
Chisik Island and the point on the mainland west of it, fnHn the 
westernmost sedimentary outcrop on the western arm of the bay to 
and somewhat beyond the northern and southern extremities of Chisik 
Island. There is a western dip on the northern part of the eastern 
shore of Chisik Island, so the island is, in part at least, synclinal in 
structure. 

Numerous small faults and probably several larger ones were ob- 
served on the south shore of the bay. Several of these are shown in 

figure 4. 

Coast between Tuxedni and Chimtna bays. — ^The shore of Cook 
Inlet from Tuxedni Bay to Chinitna Bay is mostly a low, sandy 
beach behind which is a marshy flat. Except at the mouth of 
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Tuxedni Bay, the hUk are a mile or two back from the shore. The 
eastermnoBt of these hills form a mcmodinal ridge parallel to the 
sh(»re. They consist of the rocks of the Naknek formation, having 
a dip of from lO*" to W east 

Chinitna Bay.— The upper end of Chinitna Bay is at or near the 
western edge of the presumably Lower Jurassic porphyries and tuffs. 
These rocks form all the outcrops on the western half of the north 
shore of the bay. The eastern half has magnificent exposures of the 
Chinitna and Naknek formations. At the entrance on the north 
^ore is a lone outcrop of Tertiary rocks separated from the nearest 
Jurassic rooks west of it by an interval of sand beach and marsh. 
The southern shcvre has outcrops of Tuxedni sandstone near the head 
of the bay, and of Chinitna shale and Naknek formati<xi near the 
entrance. Marshy land intervenes between them. 

The stenctural relations of the porphyries and tuffs to the sedi- 
mentary rocks east of them could not be directly determined. The 
fact that westernmost outcrops of sedimentary beds are of the 
Chinitna diale on the north shore, but of the Tuxedni sandstone on 
the south shore, and that in each case the concealed interval ^ is not 
large, suggests that this ccmtact is a fault. This condition is also 
indicated by the fact that the contact of the Tuxedni sandstone with 
the pcxphyries and tuffs has here transgressed eastward in compari- 
son with its position on Iniskin Bay, so that there is on the north 
shore of Chinitna Bay only one fold between the eastern border of 
the porphyries and tuffs and the coastal monocline, while on Iniskin 
Bay (see p. 99) there are several folds in this interval. 

The exposures of the Naknek formation at the mouth of the bay 
are part of the eastward-dipping monoclinal belt which extends 
parallel to the coast northward to Tuxedni Bay. The dip of the 
beds of the Naknek formation just within the bay is from 20^ to 25^, 
but flattens going westward until, at a point shoat 3 miles inside the 
bay, the Chinitna shale exposed on the north shore is almost hori- 
zontal. Observations made at a distance from the outcrops suggested 
that the dip turns westward just before the contact with the volcanic 
rocks is reached. 

Exposures on the south shore of the bay are lacking between the 
cliffs at the entrance to the bay and those near its head. Eastward 
dip was observed at both these points, but conditions farther south 
indicate that several folds may be present in this concealed interval. 

The Tertiary rocks on the north shore of Chinitna Bay near the en- 
trance are horizontal. It may be that the general structure has flat- 
tened at this point, and that the underlying Jurassic rocks also are 

^Tbe concealed interyal on the north shore of the bay may contain a narrow belt of 
the Tozednl Bandatone and is so Indicated <m the geologic map (PL II) ind on the 
stmctore section in figure 5, page 98. 
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horizontal, or the latter may contmue dip- 
ping eastward beneath the Tertiary rocks 
which lie unconformably upon them in the 
attitude of deposition. 

The structural facts observed on Chinitua 
Bay are presented graphically in figure 5. 

Coast between Chirdtna and Iniskin 
bays. — ^The shore of Cook Inlet from Chi- 
nitna Bay to Iniskin Bay consists of rocky 
cliffs giving clean but not very thick sections 
of the massive rocks of the Naknek formation. 
A range of hills parallel to the coast and mon- 
oclinal in structure lies close to the shore and 
contains the Naknek formation on its crest and 
east side, and the Chinitna shale on its western 
slope. The dip is uniformly eastward as in the 
already described continuation of this ridge 
north of Chinitna Bay. The ridge is broken 
through by drowned valleys at Dry and Oil 
bays. At the latter point magnificent ex- 
posures (PL VII, A J p. 66) of the rocks of 
the Naknek, Chisik ( ?), and Chinitna forma- 
tions reveal the monoclinal structure of the 
range as shown in figure 6. The strike par- 
allels the shore throughout the whole length 
of this belt, and the dip varies from 20° to 
45°. The steepest observed dip is about a 
mile south of Chinitna Bay. The dip flattens 
eastward from the monoclinal ridge, and on 
the end of the low point at the entrance to 
Oil Bay and on the islands between there and 
Iniskin Bay it is almost horizontal. 

Iniskin Bay. — ^The rocks exposed on Inis- 
kin Bay consist of the presumably Lower 
Jurassic porphyries and tuffs with intrusive 
masses on the west and north shores, and of 
sedimentary Jurassic beds on the east shore. 
The latter lie in parallel belts consisting suc- 
cessively from north to south of the Tuxedni, 
Chinitna, Chisik, and Naknek formations. 
The structural relation of the sedimentary to 
the older igneous rocks is in part due to fault- 
ing, as is shown in figure 7, although at one 
locality the Tuxedni sandstone was observed 
to overlie porphyries and tuffs unconform- 
ably. (See pp. 58-59.) 
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A. KAMISHAK CHERT OVERTHRUST ON NAKNEK FORMATION ON NORTH SHORE OF URSUS COVE. 



B STEEPLY TILTED SLATES CUT BY DIKE ON CREEK NEAR HEAD OF COTTONWOOD BAY. 
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The sedimentary formations are flexed into open folds and are cut 
by faults. The dips are low and gently undulatory for the greater 
part of the length of the shore. Several folds are present of which 
the most prominent is the monocline exposed on the lower part of 




Sealeiffi 



FiouRB 6. — Stmcture section on east shore of Oil Bay. s, Tnxedni sandstone ; sh, Chlnitna 
shale ; c, conglomerate ; N, Naknek formation. 

the bay. This is the southern end of the monoclinal block which has 
been described above as extending down the coast from Tuxedni 
Bay. The section in figure 7 is believed to represent the structural 
details e2q>osed on the east shore of the bay. 




FiQUBB 7. — O^ieraliied stmctore section on east shore of Iniskln Bay. ig, Igneous rocks ; 
s, Tuxedni sandstone; p, porphyry; sh, Chlnitna shale; N, Naknek formation; c, 
Chislk conglomerate. 

Ursus Cove. — ^The rocks exposed on Ursus Cove consist of the 
Lower Jurassic igneous rocks on the south shore, the Kamishak chert, 
with its associated igneous rocks and with possibly some older lime- 
stcme, on the greater part of the north shore, and the shale and sand- 
stone of the Naknek formation on the north shore at the entrance. 
The structural relationship 
of the various igneous rocks 
to each other and to the 
Kamishak chert is not 
known. The Kamishak 
chert is strongly folded and 
appears to lie in a syncline. 
In its deformation some 
minor faulting is known to 
have occurred, and the weaker beds are in places severely contorted. 
A beautifully exposed fault (see PL /X, 4, p. 98, and fig. 8) at the north 
entrance to the cove shows the Kamishak chert overthrust upon the 
Naknek formation, which is locally folded into an overturned syn- 
cline with its axial plane dipping west. This fold either dies out 
northward or is more probably cut off by the eastward transgression 




a // » 

FiGtTBB 8. — Sketch showing Kamishak chert over- 
thrust upon Naknek formation at month of 
Ursns Core, a, Tr lassie cherts and limestone ; 
h, Nnknek shnles and sandstones. 
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of the fault, for where the latter cuts the shore about 2 miles north of 
Ursus Cove the Naknek formation is almost horizontal. 

Coast between Vrsits Cove wnd Bruin Bay. — ^The fault seen at the 
north entrance to Ursus Cove cuts the shore of Cook Inlet again 
just south of Ursus Cove, and there separates the igneous rocks ex- 
posed on the south shore of Ursus Cove from the Nakn^ formation 
which forms the shore of Cook Inlet almost as far south as Bruin 
Bay, or for a distance of about 8 miles. The Naknek formation is 
here practically horizontal, as is shown on Plate VII, 5, page 66. 

Bruin Bay. — ^The rocks on Bruin Bay consist of the Kamishak and 
Naknek formations and granitic intrusives. The rocks of the Kami- 
shak formation are closely crumpled (see PL V, -4, p. 40) and cut by 
numerous small faults. The broader structure of these rocks could 
not be determined. They are overthrust, by the southern continuation 
of the fault seen at Ursus Cove, upon the Naknek formation, which 
here lies horizontal or flexed into very gentle wavy folds, whose dips 
do not exceed a few degrees. The granitic rocks are intrusive into 
the Kamishak chert, having been intruded after the latter was folded. 

Coast of Karmshak Bay south of Bruin Bay. — ^The shale and sand- 
stone of the Naknek formation in the cliffs at the entrance to Bruin 
Bay continue southward in an unbroken series of cliffs for about 5 
miles. At this point the great overthrust fault, which has been fol- 
lowed southward, cuts the cliffs and brings up a series of massive or 
poorly bedded rocks, which may be Triassic sediments, but which 
look from the water more like fine-grained homogeneous crystal- 
lines. These extend southward to the southern end of the cliffs. The 
succeeding 5 or 6 miles of shore are low and sandy, with no rock 
outcrops. 

The head of Kamishak Bay has horizontal rocks of undetermined 
age on its west shore and horizontal beds of the Naknek fcnrmation 
on its east shore. The relations of the two were not determined. 
From this point eastward along the south shore of Kamishak Bay 
for 10 miles, to the mouth of the first large river, the cliffs all show 
horizontal beds of the Naknek formation. The structural relations 
of these to the granites and other rocks south of them in the moun* 
tains and east of them on the coast is not known. 

CHIGMIT MOUNTAINS. 
GEHXRAL TEATURXB. 

The structure of the Chigmit Mountains presents great difficulties 
and can not be fully interpreted from the data now at hand.. The 
problems involved are complex in the extreme and will probably be 
solved only after the sequence of the rocks and their areal distribution 
are much more accurately known than at present. Detailed mapping 
in some of the critical localities will probably be required. 



Digitized by VjOOQ IC 



D* 



o 



STRUCTURE. 101 

The Chigmit Mountains are structurally an area *^ ^ 

of profoundly metamorphosed Paleozoic rocks, with § 

which are associated intricately folded and much ^ 

faulted blocks of slightly metamorphosed early ^ 

Mesozoic sediments and volcanics, both being cut » 

by enormous masses of plutonic Mesozoic intrusives ^ 

and the whole faulted on a large scale. The gen- © 

eral character of the structure is shown in figure 9. |" 

The limits of the Chigmit Mountains as a struc- *? 

tural province should probably be regarded as ? 

defined on the east by the great fault or zone of • 

faulting described above (p. 95) as extending par- 3 

allel to the coast of Cook Inlet from Tuxedni Bay I 

to Bruin Bay between the Upper Triassic chert and ^ 

Lower Jurassic igneous rocks on one side and the ^ 
Middle and Upper Jurassic rocks on the other; and 

as defined on the west by the eastern boundaries of ||^ 

the flat or gently folded Tertiary volcanic rocks of 1 1 

the Iliamna basin. ° ^ 

LOCAL 0B8ERTATI0HB. 9^ ? 

Iliamna Bay. — ^The rod^ exposed on Iliamna and - ^ 

Cottonwood bays include probably late Paleozoic ^B 

slate and grewistone, Upper Triassic sediments, in- | ^ 

eluding limestone and the Kamishak chert, vol- 5* I 

canic rocks, which probably include both flows and 5 w 

tuffs and which are probably of Lower Jurassic |^ 

age, Lower or Middle Jurassic granites, and late ^^ 

Jurassic (or younger) porphyry dikes. These, ex- ? • 

cept the last, occur in approximately parallel belts 5 

having a northeast-southwest trend. The slate out- ^ 
crops only at the head of Cottonwood Bay, and the 

limestone and the Kamishak chert are shown only on g 

Cottonwood Bay and on the south shore of Iliamna ? 

Bay, but the belts of other rocks ctoes the bay, the 39 

granite occurring in three such belts. The probable ^ 

structural relaticMiships are shown in figure 10. i 

The easternmost of the granite belts crosses the g 

bay at its mouth, forming the headlands on each '• 

side of the entrance. It is in ccmtact with the Lower * 

Jurassic (?) porphyries and tuffs on the north shore S 

of the bay, and with limestone on the south J 

shOTe. Both contacts are believed to be intrusive. S. ^ 

The limestone on the south shore of the bay is in | I 

contact on its west side with the lower Jurassic (?) ," * 
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porphyries and tuffs. 
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The nature of the contact and the structural 
relations are not known. The limestone it- 
self is compleidy folded and includes within 
its general area many small masses of igneous 
rocks of indeterminate structural relations to 
it. The Lower Jurassic (?) porphyries and 
tuffs appear to rest conformably upon the 
Kamishak chert on the east shore of Cotton- 
wood Bay, and are in contact with a second 
belt of granite on the north shore of Iliamna 
Bay. The dips are steeply eastward. The 
Kamishak chert also has a steep eastward 
dip. It does not cross the bay, apparently be- 
ing cut off by the mass of granite which lies 
west of it and which on the north of the bay 
is in contact with the porphyries and tuffs. 
West of this granite is a belt of greenstone, 
the contact between the two being possibly 
intrusive, but more likely one of faulting.' 
Granite appears again to the west of the 
greenstone at the extreme head of Ilianma 
Bay, the contact appearing to be intrusive. 
At the head of Cottonwood Bay slate is west 
of the greenstone. The bedding or cleavage 
of the slate (PI. IX, 5, p. 98) is uniformly 
northwestward at dominantly high angles, 
being in general parallel to that of the 
greenstone. This slate is believed to be 
older than the greenstone and to be locally 
overthrust or overfolded upon it 

Mountains between Iliamna and PUe 
hays. — ^The rocks of the mountain area west 
of Ilianma Bay comprise a group of strongly 
metamorphosed gneiss, schist, quartzite, and 
crystalline marble; a group of less meta- 
morphosed and younger rocks including 
slate, greenstone, and limestone ; and one or 
more intrusive masses of granite. The gen- 
eral interpretation of the structure is shown 
in figure 9, page 101. 

In areal distribution there is a central zone 
of granite, flanked on both the east and west 
sides by gneiss with associated schist and 
quartzite. Within the boundaries of the 
gneiss and schist are two small areas of crystalline marble. East of 
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the gneiss comes the slate and greenstone of the shores of Iliamna 
and Cottcmwood bays. West of the gneiss is limestone, which is suc- 
ceeded by greenstone and granite. 

The gneiss, schist, and quartzite together 
constitute a stratigraphic and structural '^^ 

•complex which could not be cartographic- 35 

ally subdivided in the reconnaissance here 9:3 

described. The crystalline marble occurs ^g^ fl 

within the area of the gneiss either as small 
lenses or, more probably, as small detached 
areas of undetermined structural and strati- 
graphic relations. The quartzite and mica 
schist also are intimately associated with 
the gneiss, but probably represent a 
younger formation at present not separable 
from the gneiss. The gneiss, schist, quartz- 
ite, and marble together have general 
northeast strike and steep northwest dip. 
They are probably overthrust or overf olded 
upon the slate and greenstone at the heads 
of Iliamna and Cottonwood bays. 

A belt of much folded and shattered but 
otherwise not much altered limestone ad- 
joins the gneiss and schist on the west. 
This limestone is believed to overlie the 
gneiss unconformably. The structure of 
the limestone is shown diagrammatically 
by figure 11. Associated with the lime- 
stone are masses of chloritic schist. These 
are believed to be part of an older forma- 
tion folded or faulted in with the limestone 
tut not separated from it in mapping. 
Their exact stratigraphic and structural 
relations to the limestone could not be de- 
termined. 

A large mass of greenstone lies west of 
the limestone. The structural relations be- 
tween the two could not be definitely deter- . ^; 
mined. Basic rocks of the same general ^^\ 
type as the greenstone and lying along its 
eastern margin are known to be intrusive 
into the limestone. The point in doubt is 
whether these rooks are an integral part of 
the main greenstone mass, or are later * 
intrusive rocks. West of the gi'eenstone is granite which is clearly 
intrusive into it. 



li 



; 5 



Digitized by VjOOQ IC 



104 RECONNAISSANCE OF lOAMNA REGION, ALASKA. 

PUe Bay. — ^The exposures on the shore of Pile Bay are all of gran- 
ite, except for an interval of about 3 miles on the east shore and at 
the cape on the south side of the entrance to the bay, where there is 
greenstone. 

The contact of granite and greenstone at a point 4^ miles below 
Iliamna Eiver is clearly one of intrusion. The granite has sent 
anastomosing dikes into the greenstone, as is shown in figure 9, p. 
101, and also in figure 12, and blocks of the greenstone occur as in- 
clusions in the granite. The other contacts of granite and green- 
stone were not obs«*ved, and may be either intrusive or faults. This 
greenstone mass has general northeast strike and steep dip, and is 
closely folded, the folding having affected both the bedding and 
some of the quartz veins. 

The exposures of greenstone at the mouth of the bay are less c(m- 
clusive regarding the relationships, but it is believed that the green- 
stone is overlain unconf ormably by porphyries and tuffs and that the 
two are separated from the granite by a fault. This interjHretation 
is expressed graphically in figure 12. The position of this probaUe 
fault should be regarded as the local western boundary of the Chig- 
mit Mountains as a structural province. 
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FiGUBB 12. — Section Bhowing probable structure on southeast shore of Pile Bay. 
gr, Granite; g, greenstone; pt, latltic porphyries and tnlEs; b, basaltic lavas. 

Chekok and Tazimina valleys and neighboring districts. — East of 
Chekok Eiver and of the foot of Upper Tazimina Lake the known 
rocks are all granites. Over most of the area west of this are Lower 
Jurassic (?) porphyries and tuffs, with the exception of two small 
areas, one 10 miles north of Chekok Bay and the other south of the 
foot of Lake Clark, in which there are late Paleozoic slates and 
cherts. These rocks may occur also in other undetected areas. The 
relation of the granite to the porphyries and tuffs is unknown, but 
the granite is presumably intrusive into the porphyries and tuffs, as 
it is on Ilianma Bay. The present contact may, however, be either 
an intrusive or a fault contact or, in places, may be both. Except 
on Chekok Bay, where they are within a few hundred feet of one 
another, these rocks were seen only at the distances of a mile or 
more from each other. The probable positions of their contacts are 
believed to be largely in alluvial areas. The porphyries and tuffs, 
where structure was discernible, as on the mountain 8 miles north 
of the mouth of Chekok Eiver and in the mountains 5 miles south of 
Tanalian Point, constitute a series of interbedded flows and pyro- 
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elastics, which are moderately flexed, being nearly hori- 
zontal at the first locality and dipping 25^ N. 36'' E. at 
the second locality. North of the foot of Lower Ta- 
zimina Lake the tuff beds are slightly undulatory, but 
in a broad way appear to be horizontal. The slates, 
which show only poorly developed cleavage, and the 
cherts associated with them have been crumpled and 
tilted at high angles. The strikes recorded are N. 10'' 
E. (magnetic), dip SO'' SE., and N. 30° E. (magnetic), 
dip 90° in the area north of Chekok Bay and N. 70° E. 
(magnetic), dip 90°, on the hill east of the foot of 
Lake C3ark. The slates and cherts are either uncon- 
formably overlain by the porphyries and tuffs, and 
exposed by the erosion of the latter, or are faulted 
against them. The former relationship is believed to 
be the more probable and is expressed in the hypo- 
thetical structure section on figure 13. 

Kontrashibuna Valley. — ^The upper part of Kontra- 
shibuna Valley is believed to lie within the area of the 
granite. Across the central part of the lake is a belt of 
crystalline limestone and calcareous schist. West of the 
limestone on the north side of Kontrashibuna Lake are 
schistose, quartzitic, and slaty rocks. On the south side 
of the lower half of the lake, and west of the limestone 
are Lower Jurassic (?) porphyries and tuffs surroimd- 
ing a small area of late Paleozoic (?) slates and cherts 
which strike N. 10° E. (magnetic) and dip 80° SE. The 
relation of these slates to the surrounding porphyries 
and tuffs is not known. At and below the falls of Tana- 
lian River there is granite. The structural relations 
of these formations within the Kontrashibuna Valley 
are supposed to be in general the same as in the neigh- 
boring districts to the north and south. The probable 
structure is indicated in figure 14, page 106; also in 
figure 17, page 108. 

Upper end of Lake Clark. — ^The rocks of the moun- 
tains bordering the upper end of Lake Clark are all 
igneous or metamorphic. They occur in rudely par- 
allel belts trending approximately north and south. 
The following structural observations are presented in 
the order of the geographic position of the localities 
at which the observations were made, from northeast 
to southwest. The rock at the head of Lake Clark, and 
for at least 6 miles up the valley of Chokotonk River, 
is granite. This granite mass is considered as being a 
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great batholith which has mvaded the sedunentary beds. It shows 

foliation in an apparent arch structure centering about a mile below 

the head of the lake on the west shore. West of 

1 i this granite is an area of slates and cherts. The 

I g contact is concealed on the east shore of the lake, 

* ^ but is well exposed on the west side of the lake, 

^ where the granite shows a thick marginal f acies of 
M coarse granite porphyry in contact with a zone 
I of rock having a somewhat gneissic appearance, 
Z which is the altered and invaded part of the slates 
* and cherts. The slaty rocks have a unifomdy 
I northwest strike (N. 46® W., magnetic) , and steep 
^. southwest dip (70^-73® SW.). They are cut by 
.. numerous faults, having planes lying at about 
§ right angles to the bedding, on none of which 
Z could the amount or direction of movement be 

5 i determined. 

j^ • The rocks lying west of the slates and cherts on 

|. .. the west shore of the lake are the tuffaceous beds 

£ 3 described on page 55. The attitude of these beds 

^ £ and their relation to the slates was not determined. 

^ ^ These tuffaceous rocks do not cross the lake, their 

5 1 relative position on the east shore of the lake be- 

g ^ ing occupied by a large mass of granite upon which 

b the slates and cherts are overthrust, as is shown on 

1 s figure 15. The latter beds have steep or vertical 
f I dips and rest directly upon coarse granite. The 

6 I contact is well exposed where it cuts the beach and 
- I clearly establishes the fault relationship. At this 
S ^ point the two rock masses are separated by a 4- foot 
I zone of soft, much crushed, and weathered mate- 
£ rial, consisting of the disintegration products of 
I the slaty rocks above and of the granite below. 
ts About midway of this zone the contact surface be- 
g tween the disintegration products of the two kinds 
I of rocks shows sharp and smooth. This surface 
I strikes N. 10° W. (magnetic) and dips 59° NE. 
m No sign of alteration was seen in either rock, 
J; except crushing and weathering. The weathered 
g granite is of coarse grain to the very contact. 

g Areas of somewhat altered igneous rock prob- 

^ £ ably to be classed as greenstone (p. 39) were seen 

on the east shore of the lake a short distance west 

of the granite mass just described, and on the west side of the lake 

west of the Tlikakila Valley. The structural relationship of this rock 

to the granite is not known. 
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An area of metamorphic rocks, consisting of a central mass of 
mica schist and quartzite flanked on either side by calcareous schist 
and limestone, is exposed on the west shore of the lake just below the 
area of greenstone. Anticlinal structure is inferred, as is shown in 
figure 15, because the calcareous rocks appear to dip away on either 
side from the quartzite schists, although a fan-shaped syncline or 
one of several fault relationships is possible. 

Crystalline limestcme, calcareous schist, and quartzite outcrop on 
the east shore of the lake from about 1 mile above to 7 miles below 

sc. 
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FiGUBB 15. — Structure section across Lake Clark below mouth of TlUuikUa River, sq, Mica 
schist and qnartxite ; cl, crystalline limestone ; gr, granite ; g, greenstone ; s, slate. 

Currant Creek. The limestone, which is the easternmost and presum- 
ably the uppermost of these rocks (fig. 17, p. 108), extends southward 
without interruption to the limestone locality on Kontrashibuna Lake 
(p. 105). It is believed also to be the same structural belt as that 
noted above on the west shore of Lake Clark. 

These schistose rocks are apparently everywhere closely and intri- 
cately folded, minute plication being noted in many of the beds. In 
general the axial planes of the folds as well as the bedding stand 



w. 




FiGVRB 16. — Diagrammatic sketch showing folding of calcareous schist on island 2 miles 
northwest of Currant Creek, I^ke Clark, a, Interlamlnated thin limestones, sheared 
arglllites and quartzites ; h, soil ; c, gabbro. 

vertical. The closely appressed, nearly isoclinal folds in the cal- 
careous schist on the island 2 miles northwest of Currant Creek are 
shown in figure 16. The strong internal deformation of these rocks 
is evidenced by their crystallinity, especially of the limestones, and 
by the well-developed schistosity of the other beds. These rocks 
were invaded by small dikes prior to the folding and by granitic 
intrusives after the folding. 

The contact of the poryphyries and tuffs with the schist east of 
them is not exposed on the lake shore, and the structural relations 
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are not known. The porphyries and tuffs are ccmtinuous with those 
of the Tazimina Valley. Near their eastern boundary on Lake 
Clark there are some small detached areas of granitic rocks which are 
probably intrusive into them. The summit of the hill on the south 
shore of the lake above Tanalian Point is of 
I I basalt provisionally correlated with the Tertiary 
I ^ basalts of the Iliamna Basin and hence sup- 

I *j posedly unconf ormably overlying the porphyries 

I I and tuffs, as is indicated on figure 17. 

5 J lUAMNA BASIN. 

a 
o o 

" S OBVERAL FSATmtSB. 



The Iliamna Basin as a structural province in- 
cludes the essentially nonmountainous part of the 
area drained by the tributaries of Iliamna Lake. 
It is dominantly an area of bedded volcanic flows 
and tuffs of Tertiaiy age, which have been folded 
to a comparatively small degree. Older sedimen- 
tary and volcanic rocks of complex structure are 
present only along the rather indefinite eastern 
boundary of the province and at two other re- 
stricted areas on the south shore of Iliamna Lake. 
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I Along the south shore of Iliamna Lake, from 
"g a point 15 miles below the head of Pile Bay to a 
^ point 12 miles farther west, the Tertiary basalts 
'g and tuffs cap the hilltops, resting unconformably 
"I upon older igneous rocks, and dipping westward 
*B^ 5 ^ at about 140 feet to the mile. These facts are 
o. shown diagrammatically in figures 12 and 18. 
'£ The eastern termination of these volcanic rocks 
I is at a contact with granite and greenstone and 
® this point should probably be accepted as the 
^ local boimdary between the Ilianma Basin and 
the Chigmit Mountains as structural provinces. 
The westward dip of the Tertiary volcanic 
rocks brings them down to lake level at a point 
about 20 miles below ^he mouth of Iliamna River. The shores and 
islands of Intricate Bay are made up entirely of these rocks which 
here are in general flat, although a few islands show gentle numo- 
clinal structures. 
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The shores and islands of Eakhonak Bay are likewise made of 
these same rocks in horizontal attitude, except at 
the east end of the bay, where the Tertiary lava 
sheets are folded and where the older volcanic rocks 
are also exposed. 

Tertiary lavas with prevailingly gentle dips make 
up the south shore of the lake from near the head 
of Eakhonak Bay to a point 25 miles east of the 
outlet of the lake, except for one short interval, 
where the older volcanic rocks are exposed. At the 
point 25 miles east of the outlet of the lake a fault 
cuts the shore, separating gently dipping Tertiary 
volcanic rocks on the east from steeply dipping 
older volcanic rocks on the west. The latter are 
overlain unconformably at an elevation of several 
hundred feet above lake level by gently dipping 
Tertiary lavas. 

All the exposures on the north shore of the lake 
from a point 8 miles west of Chekok River to 8 
miles west of Newhalen River are Tertiary volcanic 
beds, which are in places horizontal and in places 
steeply inclined. 

The hills west of Roadhouse Portage in the Ne- 
whalen Valley are capped by horizontal Tertiary 
basalts, resting on tuffaceous beds whose structure 
was not determined. Similar conditions exist in the 
hills west of Sixmile Lake (fig. 13, p. 105), where 
there are also basaltic ridges along the eastern face 
of the hill which may be either inclined intrusive 
masses or folded sheets. 

The exi)oeures on the lower part of Lake Clark 
are of volcanic rocks, at least part of which are the 
Tertiary basalts. The character of the exposures is 
not such that any structural details have been made 
out 

BERING SEA COASTAL PLAIN. 

The Bering Sea coastal plain as a geologic prov- 
ince is characterized by the absence, at the surface, 
of all consolidated rocks, so that its structure is of 
the simplest kind. The beds of which it is com- 
posed are exclusively unconsolidated Quaternary 
deposits, all of which are believed to lie in nearly 
or quite their original attitude of deposition. They 
have been uplifted several hundred feet since their deposition, and 
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this uplift may have been accompanied by tilting or by gentle fold- 
ing, but of this there is no proof. 

HISTORICAL OEOLOOT. 

The oldest records of geologic history in this region are believed 
to be found in the gneisses exposed in the heart of the Chigmit Moun- 
tains west of Iliamna Bay. Next in intensity of the metamorphism 
which they have undergone, and therefore presumably also next in 
age, are the schists and quartzites which are associated with the 
gneisses, and the quartzitic and calcareous schists and crystalline 
limestone of Lake Clark. 

There is every reason to believe that all of these rocks were formed 
and suffered at least part of their deformation during Paleozoic time. 
It is highly probable that all of them, except the limestones, origi- 
nated as clastic sediments, and that the gneisses are older than the 
schists, and owe their coarser grain to more intense metamorphism^ 
or to a greater number of periods of metamorphism. In the latter 
case the gneisses must have been partly metamorphosed prior to the 
deposition of the sediments from which the schists were made. The 
clastic origin of the gneisses is not, however, clearly established. 
They are granitoid in texture, and may be granitic in origin. They 
may consequently have had their origin from the deformation of 
granite rocks intruded into the now schistose sediments. 

The slates of the mountains west of Cottonwood Bay, and the slates 
and cherts of the Lake Clark valley were derived from fine-grained 
clastic sediments deposited after the schists were metamorphosed. 
Their date of deposition was in Paleozoic time, probably toward its 
end. They probably underwent part of their metamorphism during; 
the Paleozoic. 

The rocks described as greenstones were derived by alteration from 
basic igneous rocks, which were at least partly extrusive, and seem 
to include some waterlaid deposits, and possibly also some rocks 
originally intrusive. The extrusive and bedded rocks were probably 
laid down in late Paleozoic time, probably not long after the depo- 
sition of the beds now appearing as slates. Their metamorphism^ 
and possibly part of their deposition, may have occurred in the early 
Triassic. There is no evidence as to the age of such of these rocks 
as may be intrusive. 

From the foregoing it is seen that the record of Paleozoic his- 
tory in the region is very incomplete. Four periods of subaqueous 
deposition are recognizable, but the establishment of the first of these 
is doubtful, and it may be that the rocks referred to it were formed 
by intrusion after the close of the second (as outlined above) period 
of sedimentation. The last and closing Paleozoic period of rock 
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making in this region was one of volcanicity. Each of these periods 
was followed by periods of deformation and metamorphism, or, in 
other words, by orogenic movements. The erosion cycles which 
these early movements determined, and the ultimate effect of these 
movements upon the present physiography of the region, can be only 
conjectured. 

The stratigraphic reccM^i begins to be more complete in Upper Tri- 
assic time when a great thickness of limestone followed by shaly and 
cherty beds was laid down. These rocks were intruded by basic 
masses and were intensely folded near the beginning of Jurassic time. 
Volcanic outbursts, in early Jurassic time, covered much of this 
region with lavas and tuffs. There is no local evidence that oceanic 
waters covered any part of this area while this was going on, but the 
similar and probably contemporaneous Lower Jurassic volcanic beds 
on the east coast of Cook Inlet were, in part at least, laid down in 
marine waters. 

At some period after the end of Triassic time and after the folding 
of the Triassic beds, and probably near the end of the Lower Juras- 
sic, the great granitic masses of the Chigmit Mountains were in- 
truded. 

In Middle Jurassic time the present Cook Inlet region became 
the site of marine sedimentation, and the Tuxedni and Chinitna for- 
mations were deposited. If these conditions extended into the present 
position of Iliamna and Clark lakes, subsequent sedimentation has 
buried or subsequent erosion has removed the sediments. The waters 
in which these beds were laid down are known to have extended 
north along the present site of the Alaska Bange and east into what 
is now the Matanuska Valley. 

At the beginning of Upper Jurassic time erosion had probably 
proceeded far enough in the present Chigmit Mountain area to unroof 
the granites and furnish detritus from them to the waters in which 
the Chisik conglomerate was laid down. The depositicm of this 
coarse material was apparently restricted to small areas. 

The deposition of the Naknek formation was in a sea of broad 
extent which apparently reached westward along the present Pacific 
coast as far as Chignik, and eastward into the present Matanuska 
and Chitina valleys. The waters were probably shut off from the 
present area of the Chigmit and Alaska ranges and from the country 
north and west of them. These areas were probably a region of up- 
lift and vigorous erosion which furnished the fresh detritus which 
makes up the great thickness of the Naknek sediments. Volcanic 
agencies were apparently active from time to time along the coast, 
since many beds of the Naknek formation are tuffaceous and others 
appear to be lava flows. 

98168*— BuU. 486—12 8 
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The absence of Cretaceous beds within this region indicates land 
conditions during Cretaceous time, although the possibility of the 
deposition and subsequent erosion of beds of that age can not be 
denied. 

The area described above as the Iliamna Basin was probably 
lowered by structural depression or by vigorous erosion during the 
late Mesozoic and early Tertiary. In Eocene or Miocene time it 
received large quantities of volcanic detritus from unknown sources 
and was largely filled with basaltic lavas and tuffs. These beds were 
subsequently gently folded, and in them were eroded the present 
lake valleys. These were afterward occupied by large glaciers 
which doubtless contributed a great share toward the deepening and 
broadening of the valleys into their present form. On the retreat of 
the glacial ice the valleys were occupied up to a height of about 150 
feet above the present sea level by estuarine waters by which broad 
terraces were built. The present lakes have been little modified 
since the uplift which terminated this estuarine occupation. 

The Cook Inlet basin probably originated as a down-folded or 
down-faulted area in a broad sheet of Mesozoic sediments, sometime 
after the close of the Jurassic. The immense thickness of the Juras- 
sic deposits suggests that important movements along the position of 
the present west shore of the Cook Inlet were in progress during the 
deposition of these beds. These movements probably continued dur- 
ing much of the Cretaceous. By Tertiary time the depression had 
been somewhat enlarged by erosion of part of the Mesozoic rocks 
and by the uplift of the granitic and other crystalline areas on the 
margins. It was then partly filled with Eocene or Oligocene fresh- 
water sediments. These were afterward slightly folded and uplifted 
and the present water-filled depression was cut in them. This was 
then invaded by glaciers and on their retreat was overfilled with 
ocean or brackish' water in which were deposited the gravels which 
now cover the terraces. 

The volcanic activity now in evidence at the volcanic peaks of 
Augustine, Iliamna, and Redoubt is probably but the local sur- 
vival of activities which began at least as far back as the early Meso- 
zoic and has continued intermittently until now. The periods of 
greatest volcanic activity were the late Paleozoic or early Triassic, 
the early Jurassic and late Tertiary. 

The more or less approximate accordance of mountain summits 
(PI. VIII, A J p. 86) throughout much of the region, as well as the 
presence of fairly mature open valleys (p. 85) above the limit of gen- 
eral glaciation, suggest that there was a period, prior to the more 
widespread glacial occupation, in which the land surface was reduced 
to considerably less relief than it now possesses. The evidence at 
hand is not precise enough to warrant the conclusion that this old 
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surface was a peneplain whose present broader differences of relief 
are due to warping. The existing features are capable of many pos- 
sible explanations, none of which can now be positively demonstrated. 
The detailed interpretation of the physiographic history of this re- 
gion will accordingly be left for future study. 

MINERAL RESOURCES. 

OBNEBAL STATEMENT. 

The prospective mineral resources of the Biamna region are copper, 
diver, gold, and petroleum. For about a decade prospectors have 
been attracted to this and adjoining regions in search for copper 
lodes, gold placers, and oil fields. The first discoveries seem to have 
been the petroleum seepages at Oil Bay (see p. 127), and later the 
Dutton copper lodes were located. The attempts to develop these 
fields brought to the region men who have made a number of other 
mineral locations. 

There has been no production of mineral wealth in the region save 
for a few dollars won from the gold placer prospects and less than 
a ton of copper ore shipped out for a smelter test. The present 
development warrants no statement as to the future of the region. 

The descriptions which follow are necessarily not exhaustive. The 
time available for examination of the properties was too short for 
detailed study, and, furthermore, none of the prospects had been 
developed to an extent which would have assisted appreciably a 
detailed investigation. Inasmuch as the unequal development of the 
several claims and the varying amount of time spent in examining 
them bear no relation to the importance of the claims, the space de- 
voted to the discussion of the various properties is to be taken as an 
index not of their relative importance but merely of the extent of 
information obtained about them. It should be stated that it is 
impossible in work of this kind to attempt to collect samples for 
assays. Consequently, where values are stated in the following pages, 
they are as reported by the owners of the claims. 

GEOGBAPHIO DISTBIBT7TION. 

With the exception of the oil seepages in the foothills bordering 
CookTnlet and one prospect on the southern shore of lower Iliamna 
Lake, all the prospects so far located in this region are in the Chig- 
mit Mountains. As has been pointed out (see p. 27), this is the 
area of oldest rocks of the region and the area of the great granitic 
intrusions. 

The prospects are in three areas — between Iliamna Bay and Pile 
Bay; on the north shore of Iliamna Lake; and on Kontrashibuna 
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Lake. To some extent this distribution is governed by the geographic 
distribution of the limestones and by the established routes of travel. 

OEOLOOIC OCCUBBENCE. 

Under this heading the possible economic features of the several 
geologic formations of this region are discussed. The areal distribu- 
tion, lithologic character, stratigraphic relations, and structure of 
these formations are described in the preceding pages. The table 
opposite page 31, and the geologic map (PI. II) summarize most of 
the more important geologic information. 

The Paleozoic gneisses, schists, and marbles are known to be min- 
eralized at one locality, about 1^ miles west of the head of Iliamna 
Bay. Here the mineralization is by contact metamorphism of one or 
more small detached marble masses. At this place hornblende granite 
is the immediately adjacent rock and greenstone is near by. Elsewhere 
in the region these Paleozoic formations are of interest because they 
occur in close association with the limestones described below, which 
are mineralized. In the Lake Clark region quartzitic schists lie 
west of the limestone belt. South of Iliamna village, the schists and 
gneisses limit the limestone belt on the east. 

On the Paleozoic and Triassic limestones (pp. 32-35, 41-47) are 
located four important prospects. Copper deposits have been dis- 
covered on each of the areas of limestones recognized in the geologic 
mapping and on one of them there is also a silver-bearing galena- 
sphalerite lode. Two of these copper deposits appear to be of con- 
tact-metamorphic origin. The one south of Iliamna village is at the 
contact of greenstone or altered diabase or diorite, and the one <m 
Kontrashibuna Lake is probably near the contact with granite or 
diorite. The copper deposit at Millet's is near the contact of a 
basaltic rOck with limestone, but this association has not here been 
shown to be of significance with respect to the mineralization. The 
silver-bearing lode is in the limestone paralleling the contact-meta- 
morphic copper lode south of Iliamna village. At this locality the 
important rocks areally associated with the limestone are andesitic 
porphyry dikes of imknown age. 

The greenstones (pp. 38-41), which are metamorphosed basic 
igneous rocks, are of economic importance for two reasons — ^first, 
because within them quartz veins carrjdng chalcopyrite and pyrite 
have been discovered ; and secondly, because a copper lode has been 
located along their contact with the limestone south of Iliamna 
village. 

The Kamishak chert (pp. 47-50) is not known to contain ot to 
be associated with mineral deposits of economic interest. 

The porphyries and tuffs (pp. 50-59) have been noted in several 
places to contain quartz veins with pyrite, or to be impregnated with 
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pyrite along fracture zones. One of the latter occurrences has been 
located as a mineral claim (p. 126). 

The granite, quartz diorite, etc, (pp. 74r-77), which occupy most 
of the high mountain area may, at one locality, near the head of 
Uiamna Bay, and possibly at another, near Kontrashibuna Lake, be 
the intrusives to which are due the contact-metamorphic developments 
at the copper lodes. This formation has further interest to the pros- 
pector because in it on Uiamna Bay a pyritiferous fracture zone, 
rumored to contain a little gold, has been found, and, furthermore, 
because there are copper-bearing quartz veins in it near Knutson Bay 
on niamna Lake. 

Small porphyry dikes were seen on Uiamna and Cottonwood bays, 
at many points on Uiamna Lake, and at the southern end of Lake 
Clark. They cut the greenstone, granite, and the porphyries and tuffs. 
At nearly every dike which was studied the country rock is impreg- 
nated with pyrite. So constant is this association that the presence 
of finely disseminated pyrite was regarded in the field as a reliable 
indication of a near-by dike, which in most places was actually f oimd. 
It is not known that any of the pyritiferous zones of this class carry 
valuable minerals, but, nevertheless, these dikes have evidently con- 
tributed toward the mineralization of the region, and they may yet 
prove to be of importance as a guide to the discovery of valuable 
deposits. 

The unaltered Mesozoic formations of Cook Inlet (Tuxedni sand- 
stone, Chinitna shale, Chisik conglomerate, and Naknek formation), 
described on pages 59-74, can not be expected to contain ore deposits. 
They are, however, the locus of the oil seepages described on pages 
12&-130, which some years ago attracted a good deal of attention. 

The Tertiary sediments, which in adjoining regions of Alaska 
contain important coal and lignite beds, are very meagerly developed 
in this region (pp. 77-62), and are without coal. The Tertiary here 
ccmsists chiefly of basaltic volcanics, which so far as known are 
devoid of mineral wealth. 

The Quaternary sands and gravels have on a few streams yielded 
sufficient placer gold to incite a few men to further search (p. 126). 

Broadly speaking, it may be said that three rather definite loci of 
mineralization have been found in this region — ^limestones at or near 
the contact of igneous rocks; greenstones, in which there are mineral- 
ized quartz veins; and granite or granodiorite, in which there are 
mineralized quartz veins and also pyritized fracture zones. Pyri- 
tized fracture zones, some of which are also quartz healed, occur in 
various other rocks, chiefly in the volcanic rocks. 

The most promising of the present locations are those in the lime- 
stones. Though generalization regarding ore occurrence in this 
region is hardly warranted by what is known of the few prospects 
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SO far located, yet it is perhaps indicated that the limestone belts, 
and especially the contacts of the limestones with the greenstones 
and the granites and granodiorites, will be the more fruitful fields 
for prospecting. The larger of the known copper deposits and the 
silver-bearing lead and zinc lode are restricted to the limestones. 
These limestones, it should be noted, have not a very wide distribu- 
tion, but they have not been prospected throughout their known 
extent. It seems probable, from such data as are at hand, that 
some of the mineralization of the limestones is genetically related 
to the intrusion of igneous rocks, at some places of granites or grano- 
diorites, at another of diorite or diabase altered to greenstone, and 
at another place perhaps of andesitic porphyries. 

One of the purposes of this paper is to furnish the knowledge of 
this region thus far gained which may serve as a guide to further 
prospecting and development of its mineral resources. The geologic 
formations above enumerated have been separately delineated on 
the map and their areal and structural relations are discussed in 
preceding sections of this report. In using this report, however, it 
must be recognized that the work upon which it is based was a 
reconnaissance, and that therefore the mapping and the discussion are 
in many instances generalizations or are inferential. For the most 
part the extent and distribution of the several formations are prob- 
ably well indicated, so that the prospector may pick out the areas of 
those formations which he deems worthy of further investigation 
because of what has been heretofore learned of them. 

DESCBIPTION OF MINSBAL DEPOSITS. 

COPPER. 

ooorni&EHOE or the oeeb. 

The copper deposits of this region may be referred to two classes: 
(1) Chalcopyrite deposits in limestone — (a) associated with min- 
erals of contact-metamorphic origin, and (6) without evidence of 
contact-metamorphic origin. (2) Chalcopyrite in quartz veins in 
greenstone and in granite. 

Only the deposits in the limestone have as yet developed any pros- 
pective value. These are known at four localities — 2 miles west of 
the head of Iliamna Bay; 9% miles west-northwest of the head of 
Cottonwood Bay ; on Kasna Creek near Kontrashibuna Lake ; and at 
Millet's, on Iliamna Lake, 22 miles west of Iliamna village. At each 
of these localities the mineralization is in limestone near its contact 
with an igneous formation. At the last-mentioned place the contact 
is not exposed and there is no evidence as to its nature. At the other 
localities there are diorites or diabases intrusive into the limestone. 
The limestones are metamorphosed by coarse recrystallization of the 
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calcite and the development of garnet, epidote, magnetite, hematite, 
and quartz, besides the sulphides, pyrite, and chaleopyrite. These 
developments in general are close to and parallel with the igneous 
contacts, but from place to place along these contacts they vary con- 
siderably in mineral associaticm, in shape, and in siza They are 
h-regular and nonpersistent. In all their features, their geologic 
position, mineralogy, and outline they have the characteristics of 
contact-metamorphic deposits. 

OOPPEK mVEKALS. 

There are only three copper minerals known from this region. Of 
these chaleopyrite alone is important; the others, malachite and azu- 
rite, are scanty in amount and are products of weathering of the 
chaleopyrite. Some of the iron pyrites associated with the chaleopy- 
rite is cupriferous. 

Chaleopyrite. — ^Throughout the region chaleopyrite (CuFeSj, 34.6 
per cent copper) is the ore mineral of the copper prospects. 

It is found in limestone accompanied by pyrite, calcite, and quartz. 
In some limestones that have been affected by contact metamorphism, 
quartz, epidote, chlorite, pyrite, and calcite, or epidote, calcite, 
hematite, quartz, and pyrite accompany the chaleopyrite. Here the 
association with the calcite or part of the calcite, quartz, and pyrite 
seems to be always more intimate than with the other minerals. In 
one place in limestone chaleopyrite is associated with garnet, epidote, 
calcite, and magnetite. 

At other localities chaleopyrite is found in veins of quartz cutting 
granites and greenstones. Two such veins have been reported to 
carry gold. The only other (primary) mineral in the veins, so far as 
known, is pyrite. 

MalacMte. — ^The green copper carbonate (Cu2(OH)2C03, 67.6 
per cent copper) forms thin crusts on the ores and is a very preva- 
lent stain on the copper minerals and country rock, not only at the 
prospects, but also where quantities of copper sulphides too small 
to attract notice of themselves are preswit, as in the greenstone bluff 
just west of the mouth of Tlikakila River. 

Azurite. — ^The blue copper carbonate (Cu, (OH) 2 (CO,) 25 65.3 per 
cent copper) is not commonly found in this region. It was noted 
as a thin coating on the sulphide ores at Kasna Creek and at Millet's, 
and in the quartz veins on the prospect 2^ miles below the mouth 
of Hiamna River. 

DEBOEIPTZOV8 OF OLAIXS. 

Dutton prospects. — The claims of the Dutton Mining & Develop- 
ment Co. are about 9f nules west-northwest from the head of Cot- 
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tonwood Bay and about 6 miles south-southwest of Iliamna village. 
(See fig. 19.) The prospect is reached from Cottonwood Bay by 
a good trail, 14 miles long, on easy grade. Part of this (about 9 
miles) has been made into a wagon road. There is also a steeper 
6-mile trail from Iliamna village. 




The region is one of bold relief; the neighboring mountain peaks 
rise abruptly from near sea level to about 4,000 feet. The 12 claims, 
comprising 203 acres, lie along the flank of one of the higher peaks 
and extend from a point in a col on the Iliamna village trail, at 
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an elevation of 1,900 feet about 2^ miles southwestward to an eleva- 
tion of approximately 1,200 feet. 

The discovery was made in 1901 by Silas J. Goodro, and the 
claims were located the following year by the discoverer, Pierce 
Thomas, and Greorge W. Dutton. The propwty is now owned by 
the Dutton Mining & Developing Co. and application has been made 
for patent. Considerable money was spent on exploratory work, 
equipment, trails, and buildings during 1904 and 1905, but since 
then little has been done. The underground workings were inacces- 
sible at the time of the Survey party visit. 

The claims are staked along the contact (PI. II) of limestone 
with greenstone. This greenstone is an altered igneous rock, origi- 
nally diabase or diorite. It is a fine-grained rock which in thin 
section is seen to be composed of plagioclase feldspar, fibrous sec- 
ondary amphibole (uralite), magnetite, ilmenite, chlorite, epidote, 
calcite, and quartz. In some areas which are less altered than the 
greater part of the rock there is a suggesticm of original diabase 
texture. 

The limestone, the stratigraphic position of which is described on 
pages 43-44, is intricately plicated, as is shown in figure 11 (p. 103). 
The minute folds are closely appressed, stand approximately ver- 
tical, and strike parallel to the trend of the limestone outcrops. 
Within the limestone area there are narrow parallel belts of chloritic 
schist which seem to be folded or faulted in with the limestone. On 
the surface the limestone exposures are not continuous, but occur in 
approximately parallel belts of various widths irregularly disposed. 
Intervening areas, except for the dikes to be mentioned later, are 
covered with soil and vegetation. This distribution of the lime- 
stones may be the result of folding, which affects them and the 
associated schists, or of faulting, or very probably of both causes. 
East of the limestone belt are very dense quartzitic schists which are 
succeeded farther east by gneisses. A number of small dikes of 
igneous rock cut the limestone and the greenstone. These dikes are 
very fine granular porphyritic andesites, very considerably weathered 
where seen, but not altered to any such extent as the greenstone, and 
probably are much younger. They were seen both in the limestone 
near the greenstone contact and along the probable contact of the 
limestone and greenstone. 

The prospective ore bodies of the Dutton claims are included within 
a zone averaging 200 feet and locally 400 feet in width, which lies 
along the limestone-greenstone contact and is partly in the green- 
stone, but chiefly in the limestone. As has been said, the claims are 
staked on about 2^ miles of the contact, but there are only two areas 
which seem to have warranted or received considerable development. 
The larger and principal mineralized area appears, so far as can 
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now be seen, to be about 3,000 feet long; it is included in the length 
of three claims whose " lode lines " follow the contact, and extends 
laterally into the three adjoining claims on the southeast About 
1,000 feet farther northeast on the " lode " is the other area, which is 
largely included within the boundaries of one claim. Ore bodies in 
these areas which may develop commercial importance will prob- 
ably be found to be in the form of irregularly distributed bands and 
shoots. 

The mineralization in the greenstone and in some of the less altered 
dikes is not important in amount or extent. It consists of small, 
irregular, and disc<mtinuous stringers of pyrite and very little chal- 
copyrite. 

In the limestone area there are pyrite, chalcopyrite, garnet, mag- 
netite, calcite, quartz, epidote, and, much less commonly, chlorite, 
feldspar, and molybdenite. These are not uniformly developed, but 
are rather irregularly distributed in bandlike masses paralleling 
the contact. Garnet and magnetite are not intimately associated with 
the copper ore. They constitute lenses of nearly pure " garnet rock " 
or " magnetite rock " and, less abundantly, " garnet-magnetite rock.'' 
The magnetite rock is composed preponderantly of minute closely 
packed crystals of magnetite, with very few small interstices into 
which they project with crystal outline. The interstices are filled 
with diopside, fibrous blue-green hornblende, chlorite, calcite, feld- 
spar, and pyrite. The hornblende and chlorite are alteration prod- 
ucts of the pyroxene. The pyrite may also be a secondary develop- 
ment in the magnetite rock. It is found with the hornblende and 
chlorite against which it presents crystal faces. Macroscopically the 
pyrite seems limited to cracks. The pyrite and feldspar are scarce 
in the rock. 

The garnet rock is made up, in order of relative abundance, of 
garnets, magnetite, quartz, calcite, and a little pyrite. The order of 
development seems to be garnet, magnetite, pyrite, quartz, calcite. 
The garnets are pale brownish-yellow in color and are probably 
andradite. They range in size from a fraction of a millimeter to 
1 centimeter. 

The " ore rock " is, on the principal claims, an epidotized limestcme 
containing epidote, calcite, quartz, chalcopyrite, and pyrite. It is 
made up of fibrous epidote in radial or slightly divergent aggregates 
and fine granular calcite with some quartz. In this are scattered 
small cubes of pyrite, for the most part in sharp contact with the 
epidote and calcite, in some specim^is with a thin intervening border 
of chlorite or calcite. The quartz seems younger than the calcite, 
being itself without crystal outlines where it touches the epidote, 
which it appears to surround. The epidote is almost everywhere 
surrounded by a chlorite fringe whidi in many places extends into 
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the mass of epidote along cracks, having somewhat the appearance 
of a secondary product derived from the epidote, but it may be a 
younger product introduced from without the region of the epidote. 
The above-described base of the ore rock is interlaced by irregular 
veinlets, a fraction of an inch to 1 inch in thickness, of quartz and 
of calcite containing radial or vermicular aggregates of chlorite and 
chalcopyrite and, in some portions of the ore, also pyrite. This 
vein calcite and the sulphides are intimately associated. Together 
they are the youngest constituents in the rock. Much of the vein 
quartz is strained so as to show undulatory extinction, whereas the 
vein calcite is not strained and appears in large untwinned grains. 
Locally this calcite surrounds quartz which has crystal outlines and 
in some places irregularly interrupts the quartz veins, and in other 
places separates it from the epidotized rock. 

On the claim at the northeast end of the group the " ore rock,'' 
as seen on the dump at a shaft, is a schistose limestone composed of 
calcite and some micaceous minerals. It is not epidotized like the 
above-described limestone. In this are quartz veins interrupted by 
veins of pyrite, chalcopyrite, calcite, and quartz intimately inter- 
mingled. Pyrite is present in preponderant amount. On this claim 
molybdenite in minute scattered particles is found in the quartz veins 
with the iron and copper-iron sulphides, and also as a thin scale on 
some fractures in the " ore rock." In passing, let it be noted that 
there is here far too little molybdenite to constitute an ore and that 
which is present is in too small scales to be concentrated. A surface 
cut on this claim exposed some small masses, 1 to 2 inches thick, of 
malachite and iron oxides. 

Coffer King group. — These claims are about 1^ miles west of the 
head of Iliamna Bay and one-third mile south of the main trail to Hi- 
amna village, at an elevation of from 1,000 to 1,500 feet above tide. 
They lie on the steep moimtain slope. Nine claims were located in 
1905 by the late Charles M. Keyes. 

Little has been done to develop the property except the digging of 
shallow pits and cuts in the regular performance of assessment work. 

The prospects lie near the contact of hornblende granite and green- 
stone. Within the area of the former are small areas of crystalline 
limestone, with a maximum observed thickness of 20 feet, and irregu- 
lar nonpersistent masses of garnet rock and magnetite rock. The 
rock is cut by veins of quartz and epidote. The prospective ore is 
magnetite rock impregnated with chalcopjnrite. According to re- 
port the ore is rich, but is irregularly distributed in bodies of small 
size. 

Kasna Creek claims. — Several claims were located in 1906 by 
Charles Brooks and C. von Hardenberg along Kasna Creek, about \\ 
or 2 miles above Kontrashibuna Lake. K^na Creek is a small 
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stream with steep grade. Its upper valley, glaciated and hanging 
about 1,000 feet above Kontrashibuna Lake, is surrounded by steep 
and ragged ridges and peaks between 3,000 and 5,000 feet hi^. One 
small hole has been opened on the prospect. 

At the Shamrock Ledge discovery the prospect is in a belt of lime- 
stone about 2,000 feet wide where examined. The western portion 
is made up of interlaminated fine argillaceous and fine-grained lime* 
stone, layers striking nearly north (magnetic), with vertical dip. 
East of this is dense, hard, blue-gray limestone 100 to 200 feet thick. 
These rocks are abundantly studded with minute pyrite grains, and 
the whole weathers a deep rusty red. East of this is the ore body. 
Its exact boundaries are masked by soil, vegetation, and talus. East 
of the ore body is a crystalline, rose-colored limestone and coarse 
white marble. The marble east of the "ledge" is much shattered, 
and a vertically slickensided surface was noted. 

The prospective ore body is a zone about 75 feet wide paralleling 
the strike of the limestone. In this zone are specular and micace- 
ous hematite, chalcopyrite, pyrite, quartz, calcite, and fibrous, radial 
amphibole. To some extent these minerals are segregated in several 
parallel bands. There are on the " Shamrock Ledge " at least two 
bands of hematite, each about 7 to 10 feet wide, consisting almost 
entirely of aggregates of specular hematite with a little quartz. 
Three or four other bands of similar width contain severely shat- 
tered, dense, gray limestone, with bunches of amphibole (actinolite?), 
hematite, quartz, and chalcopyrite. These bands are cut by irregular 
stringers of chalcopyrite, pyrite, and quartz. There are some string- 
ers of several inches of solid chalcopyrite. Pyrite is not an abimdant 
constituent in any part of the mineralized zone. It was estimated by 
the writer that the total chalcopyrite content of the " ledge " is under 
5 per cent. 

There are no oxidized ores or secondary minerals present except a 
thin surface film of limonite and copper carbonates. 

Millet claims. — ^The claims of O. B. Millet, located in 1906 and 
thereafter, are on the north shore of Iliamna Lake about 22 miles 
west of Iliamna village. The four important claims lie along a 
"ledge" which runs N. 35°-40° W. (magnetic) up a low knoll from 
a small bight on the lake shore. The property has been developed 
by seven open cuts each crossing the entire width of the mineralized 
body. 

The prospect is on a fine-grained crystalline bluish-white limestone 
and parallels the contact of a dark, fine-grained diabase. This con- 
tact is not exposed, and therefore its nature is not known. Near the 
lake shore both diabase and limestone are overlain by a thin capping 
of tuffaceous porphyries. 
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The " ledge '' is for the most part covered by soil and vegetation. 
Where it outcrops it is inconspicuous and was detected only because 
limonite and a very little copper stain distinguished it from the 
inclosing limestone. From the northern edge of the tuffaceous cap- 
ping, that is, about 2,500 feet from the lake shore, the " ledge " has 
been traced for 3,500 feet Through this distance it approximately 
parallels the diabase contact at a distance of about 100 or 150 feet. 
The " ledge " or " ore body " ranges from 22 feet to 42 feet in width. 
Both walls are crystalline limestone, grayish blue to white, much 
shattered and healed by white calcite seams. The limits of mineral- 
ization are sharply marked. The ore body itself is a dark bluish, 
more or less coarsely crystallized limestone. It is traversed at inter- 
vals of 1 to 8 or 10 feet by fracture zones in which the limestone is 
intricately shattered, cemented by calcite and sulphides, refractured, 
slickensided, and recemented. These fracture zones are a fraction 
of an inch to 1 foot wide. Although very irregular, they have a 
general trend N. 35® to 40° W. (magnetic) and dips 75° to 90° NE. 

The mineralization is by chalcopyrite, pyrite, calcite, and quartz. 
The sulphides to some extent impregnate the limestone, but in much 
larger amounts appear with calcite as vein fillings. These veins are 
broken, intricately crumpled and slickensided. The calcite in them is 
coarsely recrystallized and the fractures have been refilled by calcite, 
quartz, and small amounts of sulphides. Ten per cent copper and 
small values in precious metals are reported to have been obtained 
from picked samples. 

Dwand prosfpect. — ^Two claims have been staked on the mountain 
side about 2^ miles below the mouth of Iliamna River and 1 mile 
from the shore of Pile Bay at an elevation of 1,000 feet. Two 
shallow prospect pits have been opened on a 10-foot quartz vein, 
striking N. 80° E. (magnetic) and dipping 45° NE. The surround- 
ing rock is a schistose greenstone. The vein contains fairly uni- 
formly disseminated masses of chalcopyrite and pyrite. Azurite and 
malachite in small masses were seen in weathered parts of the vein. 
The hanging wall is impregnated with pyrite for 4 feet from the 
vein* 

A possible extension of this mineralized zone was seen on the 
opposite side of the mountain 2 miles south of the Durand prospect, 
where C. E. Giffin noted a 2-foot quartz vein carrying pyrite and 
a 40-inch vein striking north with high westerly to vertical dip, 
which contained quartz, epidote, and chalcopyrite. The country 
rock is greenstone* 

Knutson prospect. — ^This property was not visited by the Survey 
party. It is reported to be about 2 miles back from the entrance 
to Knutson Bay on the north shore of Iliamna Lake, at an elevation 
of 1,800 feet. The ledge is said to be a vein of white quartz 3 to 8 
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feet wide, slightly and irregularly mineralized with copi)er ores and 
gold. The country rock is granite, 

A similar but narrower vein is said to parallel the Knutson vein 
at a distance of one-fourth mile. 

SILVER. 
OOOTIBRENOE 07 TEE ORES. 

Silver prospects are known at one locality only. This is on the 
limestone belt extending southwesterly from Iliamna village on 
which the Button copper prospects are located. The silver claims 
have been staked on the eastern part of the limestone adjoining the 
copper claims and are in the aggregate about 2 miles in length* 
However, but one group of 8 claims, belonging to W. E. Duryea and 
E. Duryea, has been developed, so that investigation was possible. 
The following description, therefore, applies only to the Duryea 
properties. 

SILVER-BEARINO MINERALS. 

Exploration in the Iliamna region has not disclosed any silver 
minerals except argentiferous galena (the sulphide of lead) and 
argentiferous sphalerite (the sulphide of zinc), which are also man- 
ganiferous and which occur in veins now being prospected for their 
silver content. Besides these minerals manganiferous limonite and 
lead-bearing ocher, small amounts of smithsonite (zinc carbonate) 
and selenite (lime sulphate) are in the weathered parts of the veins. 
Pyrite is only locally and sparingly developed. Calcite and quartz, 
in veins which have been crushed, are found near the metalliferous 
veins, but do not occur as gangue minerals in them. 

DESCRIPTIONS OF CLAIKS. 

Duryea claims. — ^The limestone on these claims, which has the gen- 
eral structure indicated in figure 11 (p. 103), has been cut nearly at 
right angles to its strike by many small vertical dikes, of which 27 
were seen which had widths of 3 feet or less. Several larger dikes 
and irregular masses were also observed, most of which are parallel 
to the strike of the limestone. 

Small masses and nodules of black manganiferous iron oxide have 
been found at a number of places on the bare limestone surface, and 
wherever these localities have been explored by test pits argentiferous 
galena -sphalerite bodies have been found along fissures in the lime- 
stone. The fracture zones appear to be vertical. Along them the 
limestone is brecciated and some pieces are slickensided. It appears 
from the material collected that the sphalerite, galena, and small 
amounts of pyrite filled the fractures. To some extent also the lime- 
stone is impregnated with these sulphides. As none of the openings 
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have exposed ore below the zone of weathering the sulphides of the 
examined material are considerably oxidized and the limestone de- 
cayed by solution due to surface waters. Consequently it has been 
impossible to determine whether there has been replacement of the 
limestone. From the abundance of limonite and the fact that con- 
siderable limonite is present with the least weathered galena and 
sphalerite it seems probable that more pyrite will be found in the 
unoxidized ore. 

Near the eastern margin of the limestones on the Duryea claims 
Uie distribution of patches of manganiferous gossan and the exposures 
in the various test pits seem to indicate that for about 5,000 feet there 
is more or less persistent mineralization on a fissured zone in the 
limestone striking about 20° east of north (magnetic) and approxi- 
mately vertical. A cliff on a tributary gulch of Silver Creek crosses 
this zone and exposes, through a height of 50 feet or more, much 
oxidized ledge matter. The width of this zone was not determinable 
from what was visible at the time of the examination. The owners 
estimate it at 75 feet. The distribution of other showings on the 
surface and in the test pits would seem to indicate that there has 
been mineralization along various fractures or fracture zones. 

The owners of these claims report that samples have yielded from 
80 to 196 ounces of silver, to $20 of gold, 35 to 50 per cent lead, and 
15 to 20 per cent zinc. The black manganiferous gossan, they report, 
carries 2 to 6 ounces of silver. 

Other silver claims have been staked on the same limestone belt, 
but no ore was seen on the surface and no development work has 
been done on them. 

GOLD. 
LODES. 

Claims on lUanma Bay. — Several lode claims have been staked on or 
near the shores of Iliamna Bay. One of these is on Diamond Point, 
near the entrance to Cottonwood Bay. The country rock is granite 
locally intruded by small dikes of porphyry. Several hundred feet to 
the north and west the granite is in contact with a large mass of green- 
stone. The supposed ore body consists of a shattered and much 
weathered zone 4 to 12 feet wide on Iliamna Bay, and apparently 100 
feet or more in width on Cottonwood Bay, in which the granite is 
thoroughly crushed and impregnated with narrow veins and stringers 
of pyrite. No other sulphides were recognized and no authentic in- 
formation could be obtained concerning assay values, although it was 
rumored that $2 per ton in gold had been obtained. 

Aukney claim, — ^This claim was located in 1908, presumably on ac- 
count of a supposed gold content. It is situated on the south shore 
of Iliamna Lake, 23 miles from the outlet of the lake. 
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The rocks as exposed in the lake cliffs consist of tuffs (quartz latite 
tuff) striking parallel to the shore (northeast) and dipping from 
vertical to 75° SE. They contain much fine disseminated pyrite 
which, where oxidized, gives them a bright yellow stain. No sul- 
phides other than pyrite could be recognized, and nothing is known 
as to what precious metals, if any, are present. 

The only work done on the claim is a little blasting on the face 
of the cliff. 

PLA0EB8. 

The effort to discover placers on the drainage tributary to Lake 
Clark from the north has not met with encouraging results. Pros- 
pects have been found on Caribou Creek, a northeasterly tributary to 
Chulitna Eiver; on Kellet Creek and Ingersol, Lincoln, and Franklin 
gulches, which are headwaters of Kijik Eiver; and on Portage Creek 
which enters Lake Clark about 35 miles above the outlet of the lake 
and which heads against the }ast-mentioned streams. These streams 
were not visited by the Surjfey party, and little information about 
them was obtained. Two men are reported to have done considerable 
work on Portage Creek, which netted a few himdred dollars' worth 
of coarse gold. It was further reported that they found the allu- j 
vium to be about 12 feet deep and composed chiefly of large glacial i 
bowlders. 

PETROLEUM. 

The lowlands on the coast of Cook Inlet, especially between Chi- 
nitna and Iniskin bays, have been quite extensively staked as petro- 
leum land and several wells have been drilled. The geology and 
indications of petroleum in this district have been already described 
in several reports ^ from which the facts presented below are taken. 

STT&FACE INDICATIONS. 

The surface indications of petroleum in this region consist of 
seepages or oil springs and the so-called "gas springs." In the 
seepages the petroleum may be seen oozing from the cracks in the 
rock or from the soil. A copious seepage was seen on the east shore 
of Iniskin Bay, about 1,000 feet below the lower cabin, between high 
and low tide. The flow is more or less intermittent, and is often 
so strong that the petroleum collects in large blotches on the pool or 
even covers its entire surface. At one point in this seepage the oil 
was seen to issue from a crevice in the shale of the upper part of the 
Tuxedni sandstone. 



^Martin, G. C, The petroleum fields of the Pacific coast of Alaska: Boll. U. 8. Geol.j 
Survey No. 250, 1905, pp. 37-49 ; Notes on the petroleum fields of Alaska : Bull. U. 8.- 
Geol. Survey No. 259, 1905. pp. 128-139. : 
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A number of large seepages are reported to be near the cabin at 
Oil Bay. From the bottom of one of these the petroleum rose almost 
continually, the flow varying, however, from time to time, now 
almost ceasing, now becoming very strong. It is frequently possible 
to skim several quarts of petroleum from the surface of the pool, as 
was done for the test recorded on page 129. 

About 2 miles west of the beach at Dry Bay is a so-called " gas 
spring," in which gas of unknown composition rises in a continuous 
stream of bubbles to the surface of the water. From the north shore 
of Chinitna Bay both oil and gas springs have been reported, but 
they were not seen by the writer. 

All these seepages and gas springs are on the outcrop of the Tux- 
edni sandstone. Their structural position is a short distance north- 
west of the monocline described above (pp. 96-99) as extending 
parallel to the coast. A broad flat-topped anticline is believed to lie 
northwest of this monocline, although there is evidence (fig. 7, p. 99) 
that the structure may be further complicated by the presence of a 
fault, which marks the northwest edge^of the belt of monoclinal dip. 
The seepages are situated at or very close to the line on which the 
dip changes from nearly horizontal to steeply inclined. If the fault 
b present throughout this belt the seepages are probablv situated 
on or near it and are intimately related to it genetically. 

Seepages are also reported from the shores of Kamishak Bay, espe- 
cially on the south shore at Douglas River. The rocks in this region, 
as far as seen by the, writer, are the shales, sandstones, and conglom- 
erates of the Naknek formation. They are horizontal or have very 
gentle dips over large areas, and this district would seem to be more 
promising as a prospective oil field than the district in which the 
drilling was done. This is, however, a difficult place to land 
machinery, for the bays are all shallow and filled with rocks, while 
numerous uncharted reefs extend out many miles from shore into 
Cook Inlet. 

DXYSLOPMSVTS. 

Indications of petroleum are reported to have been first discovered 
in this region about 60 years ago. The first samples are said to 
have been taken out in 1882 by a Eussian named Paveloff. Claims 
are said to have been staked by Edelman in 1892. His location was 
near the divide at the head of the creeks entering Oil and Dry bays, 
and the claims were subsequently abandoned. In 1896 Pomeroy and 
Griffen staked claims at Oil Bay and during the next year organized 
the Alaska Petroleum Co., which began work in 1898. The Alaska 
Oil Co. was organized in 1901 and in 1902 began drilling at Dry 
Bay. 

The first well at Oil Bay was begun in 1898 and is said to have 
been drilled to a depth of somewhat over 1,000 feet. No log of this 

98153**— Bull. 485—12 ^9 
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well or tiny Very authentic information can be obtained, as the prop- 
erty has changed management several times. It is reported that gas 
was encountered all the way below 190 feet and that considerable 
oil was found at a depth of 700 feet. The flow of oil is reported 
as estimated at 50 barrels per day. On drilling deeper a strong 
water pressure was encountered, which shut off the flow of oil. The 
well is now over 1,000 feet in depth and affords a continuous flow of 
gas, which at times becomes very strong. Attempts have been made 
to shut off the flow of water and either recover the lost oil or drill 
deeper, but without success. 

A second well, located about a quarter of a mile west of the older 
one at Oil Bay, was drilled during the summer of 1904. The log 
ol this well is given below. 

Record of well at OU Bay} 

Feet 

Sandstone 200 

Shale 120 

on and some gas m. 1 

Shale (caving) 129 

450 

The well was abandoned at a depth of 450 feet because the shale 
caved so badly. 

A third well, located about 250 feet south of the last, was also 
drilled during the summer of 1904. The general sequence of strata 
is reported to be the same as in the second well described above, 
the shale continuing to the bottom of the hole. The well was cased 
to a depth of 630 feet. Oil and gas were reported at a depth of 
770 feet, there being three small oil sands, each 6 to 8 inches thick 
and 4 or 5 feet apart. The well was estimated at 10 barrels per day. 
The caving rock was encountered at 830 feet. Work was stopped 
at a depth of 900 feet at the end of the season. Considerable gas was 
encountered at various depths, at times the pressure being strong 
enough to blow the water up in the derrick to a height of 20 fe^.* 

A well at Dry Bay was drilled to a depth of 320 feet in the summer 
of 1902 without encountering oil. . The tools were then lost and the 
hole abandoned. In August, 1903, a new well was started in close 
proximity to the first, but not much was accomplished, and work was 
discontinued a few months later because of an accident to the 
machinery. 

No information is available concerning operations in 1905 and 1906. 
No drilling has been done since 1906 and the oil camps are no^w 
abandoned. 

* Reported by August Bowser. 

* Information in this para^rrapYi furnished by August Bowser. 
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A sample of the seepage petroleum from Oil Bay was collected by 
the writer by skimming the oil from the surface of the water where 
it was continually rising from the bottom of the pool. An effort 
was made to obtain as much of the fresher oil as possible. Vegetable 
and earthy impurities were removed by straining through coarse 
cloth. Water could not be entirely removed. Oil for lubricating 
purposes at the neighboring wells has been obtained from these 
pools in this manner. 

The fresher oil is dark green. That which has remained on the 
surface of the pool for some time is dark brown. 

The oil has doubtless lost a large part of its volatile constituents. 
The analyses therefore do not represent the composition which could 
be expected of the live oil from wells in this region. Such oil would 
have a lower specific gravity, higher percentage of the more volatile 
constituents, and lower percentage of the less volatile constituents, 
residue, and sulphur. It would certainly be better than these samples 
in all respects, and would resemble them in having a paraffin base, 
and would doubtless be a refining oil. 

This sample was submitted to Penniman & Browne, of Baltimore, 
who return the following report on their tests: 



Testa of sample of seepage petroleum from OU Bay, 



Percent. 



Giavity 
(OBaam6). 



Difltlflation by Bngler's method: 

Bumlng oil (<Ustillation up to 800'' C* nnder atnuMpheriepremue) . . 

Labricattng oils (spindle oils) (120 mm. prenore, up to WP C) 

Lobrlcating oils (120 mm. preerore, 800-860° C.) 

Paraffin oils (by aestractlye distillation nnder atmospheric preHore) 
Coke and loss 

Total 

Total snlphur 

Speciftc gravity of crude oil at 60° F., 0. 9667, or 16. 6° Baum6. 
Initial boiling point, 280* C. 



18.2 
39.2 
19.6 
22.4 
5.6 



29.5 
22.6 
17.9 
20.4 



100.00 



0.096 



The distillation of the lubricating oils under diminished pressure, corre- 
sponding to refinery practice, was carried on until signs of decomposition set 
in. The resulting residue was unsuitable for making cylinder stoclc, and was 
therefore distilled for paraffin oils. These paraffin oUs contain a considerable 
quantity of solid paraffin. It was not practicable to determine the amount of 
the material with the small amount of oil at our disposal. 

The iodine absorption of the oils and distillates has been determined by 
Hanus*s method (solution standing 4 hours), and is here tabulated: 

Iodine absorption of oils and distiUates from OU Bay, 

Percent 
of Iodine. 

Burning oil 17.8 

Lubricating oU 26.2 

lubricating oil ^ 35.8 
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These iodine numbers upon the lubricating oils were obtained upon the sam- 
ples. For comparison, samples of similar oils were obtained from the Stand- 
ard Oil Co., and the iodine numbers determined as follows : 

Iodine absorption of commercial oils. 

Percent 
of iodine. 

Light distiUed lubricating oil (spindle oil) 32.0 

D&Tk lubricating oil (engine oil) 45.4 

The burning oils were tested in a small lamp and found to give a good 
flame. All the oil was consumed without incrusting the wick or corroding the 
burner. 

The oil has a paraffin base, and the products of distillation are *' sweet" We 
are informed that this sample is a ** seepage oiL" If a sufficient yield can be 
obtained by drilling, a very suitable oil for r^nery purposes may be expected, 
containing a very much larger quantity of the more desirable lighter prodacts. 
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NOTES ON THE MULCHATNA REGION.^ 

INTBODUCTOBY STATEMENT. 

The Mulchatna Valley lies between the valleys of Lake Clark 
and of Kuskokwim River, as is shown in figure 20. Mulchatna 
River rises opposite the south fork of the Kuskokwim River, in 




Cape 



FiouBB 20. — Sketch map showing geographic relation of the Mulchatna district to the 

neighboring regions. 

the mountains north and northeast of Lake Clark, which are the 
southern extension of the Tordillo Mountains of Spurr. Three 

iThe Mulchatna region has not been visited by Survey parties. The notes here given 
were obtained from prospectors and traders who are personally familiar with the region. 

131 
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main branches, known as the Big, the Middle, and the Small Mul- 
chatna, flow southwesterly to a point about 25 miles north of the 
west end of Lake Clark where they unite to form the main Mul- 
chatna* Thence the stream flows about 60 miles southwest to its 
confluence with the Tikchik from the northwest, receiving in this 
interval one important tributary, the Koktalee or Kakhtul. Nusha- 
gak River, which is formed by the confluence of the Tikchik and 
Mulchatna, takes a southwesterly and westerly course for 90 miles 
to Bristol Bay on Bering Sea. Above the forks of the Mulchatna 
the country is mountainous with moderate relief; below the forks, 
it is low with broad gravel-covered, pond-dotted plains and detached 
hills or mountains. 

BOXJTES AND SUPPLY POnTTS. 

Canoes can be taken from Bristol Bay up to the Koktalee and, it is 
reported, to the forks of the Mulchatna and even beyond in high 
water. The usual route, however, is from Ilianma, generally from 
nianma Bay on Cook Inlet by portage trail to Ilianma village, 
thence by boat to Newhalen Eiver and Lake Clark. From Lake 
Clark the trail is either overland from Portage Bay or by boat up 
Chulitna River, and thence overland. From Koggiung on Bristol 
Bay another boat route ascends the Kvichak and crosses Ilianma 
Lake. There are boats and boatmen for hire at Koggiimg, Ilianma, 
and on Lake Clark, and pack animals or natives are usually available 
for work on the portages. Supplies of all kinds can be purchased at 
niamna, and the local traders have stocked caches with provisions on 
Lake Clark and on the Mulchatna. It is reported that the trails are 
good, that horses can be readily used, and that on the whole the region 
is more accessible than others in Alaska which have received more 
attention. During 1910 a company was organized to establish a 
trading post on the Mulchatna and built a small steamer for serv- 
ice between Bristol Bay and the head of steamboat navigation on 
Mulchatna River. The ocean steamboat service to Bristol Bay and 
Ilianma Bay is described on pages 21-23. 

It is not known how many men have visited the Mulchatna from 
time to time. Sixteen were there during the summer of 1909, of 
whom six planned to remain during the winter, and others were com- 
ing in at the time the Survey party was leaving Hiamna. In the 
summer of 1910 there were some 15 or 20 prospectors in the region. 
In the fall of 1909 those interested organized the Mulchatna mining 
precinct and elected a recorder, though there is and has been for 
some time a United States commissioner with headquarters and re- 
cording office at Hiamna, whose district includes the Mulchatna. 
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PBOSPECTS. 

On the Mulchatna, from the Koktalee up, and on the Koktalee, 
also, fine flour gold is found on all the river bars. Bedrock has not 
yet been prospected along these larger streams on account of ground 
water. Only summer work has been attempted so far, and as yet 
no permanent ground frost has been encountered. It is claimed 
that after May 15 no thawing is required. Above the forks of the 
Mulchatna, particularly on the middle fork, the gold so far found is 
coarser, and there is said to be pay. Some of the smaller tribu- 
taries carry coarse gold. On one of them two men opened a hole 
in 1909 and took out about $8 worth of coarse gold. 

The prospecting so far has been confined to the present stream 
beds. The pay is said to be practically all on bedrock, which is 
reported by the prospectors to be chiefly slate. Limestone and 
"porphyry" bedrock also are reported. The gravels prospected 
are generally from 4 to 12 feet deep ; one hole is 16 feet deep. 

Water is plentiful, and grades are sufficient for sluicing. Timber 
is abundant on all the streams. 
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0. a. QEOLOQICAL eUUVCY BOLLETIM 4«e PLATE I 



GEOLOGICAL SURVEY BENCH MARKS. 

A, Tablet used in cooperating: States. The State name is inserted at G. 

Ji and D. Copper temporary bench mark, consisting of a nail and copper washer. 

A. (', and K, Tablets for stone or concrete structures. 

/', Iron post used where there is no rock. 
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RESULTS OF SPIRIT LEVELING IN COLORADO, 1896 TO 

1910, INCLUSIVE. 



R. B. Marshau^ Chief Geographer. 



INTRODUCTION. 

Scope of the work. — All results of spirit leveling in Colorado pre- 
viously published by the United States Geological Survey and all 
the results of later work are included in this report, rearranged by 
quadrangles. Nearly all elevations are based on preliminary 1911 
adjustment heights of bench marks along the precise level lines of the 
Coast and Geodetic Survey from Colorado Springs, Colo., via Den- 
ver to Laramie, Wyo., and on Coast and Geodetic Survey precise 
bench marks near Albuquerque, N. Mex., connection having been 
made by precise and primary leveling of the United States Geologi- 
cal Survey. 

Personnel. — ^The field work from 1896 to 1906, inclusive, was done 
under the general direction of E. M. Douglas, geographer ; that for 
1907 to 1909, inclusive, under E. C. Barnard, geographer; and the 
later work under Sledge Tatum, geographer, under the general di- 
rection of R. B. Marshall, chief geographer. The names of the va- 
rious levelmen are given in the introduction to each list. The oflSce 
work of computation, adjustment, and preparation of lists was done 
mainly by S. S. Gannett, geographer, and D. H. Baldwin, topog- 
rapher, and since 1907 under the general direction of E. M. Douglas, 
geographer. 

Classification. — The elevations are classified as precise or primary, 
according to the methods employed in their determination. For pre- 
cise-level lines instruments and rods of the highest grade are used, 
each line is run in both forward and backward directions, and every 
precaution is taken to guard against error. The allowable divergence 
between the forward and the backward lines in feet is represented by 
the formula 0.017 VD? in which D is the distance in miles between 
bench marks. For primary lines standard Y-levels are used; lines 
are run in circuits or are closed on precise lines, with an allowable 
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6 SPIRIT LEVELING IN COLORADO, 1896 TO 1910. 

closing error in feet represented by 0.05 VD? in which D is the length 
of the circuit in miles, sufficient care being given to the work to main- 
tain this standard. For levels of both classes careful office adjust- 
ments are made, the small outstanding errors being distributed over 
the lines. Orthometric corrections have been applied in determining 
the following elevations. 

Bench marks. — ^The standard bench marks are of two fornis. The 
first form is a circular bronze or aluminum tablet {C and £*, PI. I), 
3^ inches in diameter and one-fourth inch thick, having a 3-inch 
stem, which is cemented in a drill hole in solid rock in tho wall of 
some public building, a bridge abutment, or other substantial masonry 
structure. The second form {F^ PI. I), used where masonry or rock 
is not available, consists of a hollow wrought-iron post 3J inches in 
outer diameter and 4 feet in length after being split at the bottom 
and expanded to a width of 10 inches in order to give a firm bearing 
on the earth. A bronze or aluminum-bronze cap is riveted over the 
top of the post, which is set about 3 feet in the ground. A third 
style of bench mark with abbreviated lettering (fi and />, PL I), is 
used for unimportant points. This consists of a special copper nail, 
1^ inches in length, driven through a copper washer seven-eighths of 
an inch in diameter. 

The tablets, as well as the caps on the iron posts, are appropriately 
lettered, and State cooperation is indicated by the additicm of tlie 
State name (G^, PI. I). 

The numbers stamped on the bench marks described in the follow- 
ing pages represent the elevations to the nearest foot, as determined 
by the levehnan. These numbers are stamped with j\-inch steel 
dies on the tablets or post caps, to the left of the word " feet." The 
office adjustment of the notes and the reduction to mean sea level 
datum may so change some of the figures that the original markings 
are 1 or 2 feet in error. It is assumed that engineers and others who 
have occasion to use the bench-mark elevations will apply to the 
Director of the United States Geological Survey at Washington, 
D. C, for the adjusted values, and will use the markings as identifi- 
cation numbers only. 

Datum. — All United States Geological Survey elevations are re- 
ferred to mean sea level, which is the level that the sea would assume 
if the influence of tides and winds were eliminated. This level is not 
the elevation determined from the mean of the highest and the lowest 
tides, nor is it the half sum of the mean of all the high tides and the 
mean of all the low tides, which is called the half-tide level. Mean 
sea level is the average height of the water^ all stages of the tide he- 
ing considered. It is determined from observations made by means 
of tidal gages placed at stations where local conditions, such as long 
narrow bays, rivers, and like features will not affect the height of 
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the water. To obtain even approximately correct results these ob- 
servations must extend over at least one lunar month, and if accuracy 
is desired they must extend over several years. At ocean stations the 
half -tide level and the mean sea level usually differ but little. It is 
assumed that there is no difference between the mean sea level as 
determined from observations in the Atlantic Ocean, the Gulf of 
Mexico, or the Pacific Ocean. 

The connection with tidal stations for bench marks in certain areas 
that lie at some distance from the seacoast is still uncertain, and this 
fact is indicated by the addition of a letter or word to the right of 
the word " Datum " on tablets or posts. For such areas corrections of 
published results will be made from time to time as the precise-level 
lines of the United States Geological Survey or other Government 
organizations are extended. 

Topographic maps. — Maps of the following quadrangles, wholly 
or partly in Colorado, have been published by the United States 
Geological Survey up to May 6, 1911. They may be obtained (ex- 
cept as noted) for 5 cents each, or $3 a hundred, on application to 
the Director of the Survey at Washington, D. C. : 



Abajo (Utah-Colo.). 


Denver (double sheet).* 10 cents. 


Albany (Colo.-Kans.). 


Durango.* 


Anthracite. 


♦ East Denver." 


Apishapa. 


East Tavaputs (Utah-Colo.). 


♦ Arkansas River drainage basin. 


Eaton. 


Arroyo. 


Elmoro. 


Ashley (Utah-Colo.). 


PJncampnient special (Wyo.-Colo.). 


Aspen. 


Engineer Mountain. 


Aspen special. 


Fort Collins.* 


Big Springs. 


Georgetown. 


Blackhawk.* 


Granada (Colo.-Kans.). 


Boulder. 


Grand Hogback. 


Breckenrldge special. 


Greeley. 


Canon City. 


Hlgbee. 


Castle Rock. 


Huerfano Park. 


Catlln. 


Idaho Springs 8i>eelal. 


Central City. 


Ignacio. 


Central City special. 


Jensen (Utah-Colo.). 


Cheyenne Wells (Colo.-Kans.). 


Kit Carson. 


Colorado Springs. 


Lake City. 


Crested Butte. 


Lamar. 


Cripple Creek special. 


La Plata. 


Danforth Hills. 


La Sal (Utah-Colo.). 



♦ Out of print. 

^ ShowB wooded areas. 

• Denver double sbeet includes East Denver sheet and the results of surveys of about 
half the similar quadrangle next west. 

» Durango sheet, on scale of 1 : 62500, has been reduced and forms part of Ignacle 
sheet, on scale of 1 : 125000. 

* Fort Collins sheet, on scale of 1 : 62500, has been reduced and forms part of Liver- 
more sheet, on scale of 1 : 125000. 
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Las Animas. 

Leadville. 

Lead vi lie special. 

Limon. 

Livermore.* 

Ix)veland. 

Medicine Bow (Wyo.-Colo.). 

Mesa de Maya. 

Mount Carrizo. 

Mount Olympus. 

Aleedle Mountains. 

Nepesta. 

Niwot 

Ouray. 

Pikes Peak. 

Pikes Peak si>eclal. 10 cents. 

Platte Canyon. 

Pueblo. 



Uangely. 

Rico. 

Rico special. 

Sanborn. 

San Cristobal.* 

Silver Plume siieoial. 

Sllverton. 

Spanish Peaks. 

Springfield. 

Telluride. 

Tenmile district si^eclal. 

Timpas. 

Two Butte. 

Uncompahgre. 

Vilas (Colo.-Kans.). 

Walsenburg. 

White River. 



PRECISE LEVELING. 

Cameo, Como, Delta, Denver, Eagle, Glenwood Springs, Grand Jnnotlon, Hotch- 
kiss, Leadville, Montrose, Mount Powell, Platte Canyon, and Rifle quadrangles. 

ARIPIHOE, D i . .48, EIGLE, GARFIELD, JEFFERSON, LAKE, MESA, MONTROSE, 

OFRAT, PARK, AND SimilT COFNTIES. 

The V IS in this list are based on a bench mark of the Coast 

and Geodetic Survey near Denver, Colo., described as follows: 
" Petersburg, 1 mile north of, bottom of a chiseled square on second 
step of northeast abutment of the Denver & Rio Grande Railroad 
bridge." Its elevation is accepted as 5,281.101 feet by the prelimi- 
nary adjustment of 1911. 

The leveling was done in 1908 by C. H. Semper. 

DEKVEB aTTADBANGLE. 

Denver via Denver ft Rio Grande R. R. to Acequia, thence, wett alonf road 
and Colorado ft Bonthem Ry. to Platte Oanyon. 

Petersburg, 1 mile north of, on second step from top of north stone 
abutment of Denver & Rio Grande R. R. bridge, east of track ; bot- Feet 

torn of chiseled square (Coast and Geodetic Survey bench mark)_ 5,281. 101 

Littleton, 1.09 miles north of, on top step, east side of south abut- 
ment of railroad bridge; bottom of chiseled hole 5,327.43 

Littleton, Denver & Rio Grande R. R. station, in the end of a copper 
bolt In stone; intersection of cross (Coast and Geodetic Survey 
bench mark) 5, 302. 076 

Wolhurst, opposite station ; top of rail 5, 404. 9 

Wolhurst, 1,075 feet south of. In top of retaining wall at south end 
of railroad culvert west of track; aluminum tablet stamped 
" 5409 '* n. '407. 5^20 

» Fort Collins sheet, on scale of 1 : 62500, has boen reduced and forms part of Livermore 
sheet, on scale of 1 : 125000. 
» Shows wooded area. 
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Ac^uia, 0.5 mile north of, on top of northeast end of retaining 

wall for railroad culvert; chiseled square, lettered Feet. 

US] 5. 503. G37 C. S. 

n [(Coast and Geodetic Survey bench mark) 

BM I [5.503.457 G. S. 

Acequia, 0.91 mile northwest of, in root of poplar tree north of road, 

between Denver & Rio Grande R. R. and Colorado & Southern 

Ry., at three comers; spike 5,411.73 

Willard, 1.14 miles north of, 100 feet east of track. In southwest 

abutment of highway bridge ; aluminum tablet stamped " 5404 "_ 5, 402. 849 
Willard, 1.71 miles south of, in northeast abutment of culvert; 

aluminum tablet stamped "5455" 5,454.460 

PLATTE CANYON aTTABBANGLE. 

Platte Canyon alonf Colorado ft Southern By. to Bailey. 

Feet. 

Platte Canyon, in front of station; top of rail 5,509.4 

Platte Canyon, 1.04 miles south of, 25 feet west of track, 3 feet 

north of telegraph pole, at north end of trestle 1037, in granite 

outcrop; aluminum tablet stanqied *'5544" 5,542.865 

Platte Canyon, 2.10 miles south of, 210 feet north of head gate in 

Platte River, 5 feet west of track, on top of large bowlder ; square, 

marked "U. S. 5592 B. M." — '^-^ -- 5,591.452 

Platte Canyon, 3.72 miles south of, in top of wing wall ^ '"*^ 

abutment of steel bridge over Platte River; aluminn. 

stami)ed "5671" , ^^.670.247 

Mill Gulch, in front of signboard; top of rail__. ^^Js 5,686.4 

Strontia Springs, 1.52 miles north of, 15 feet east of track, on 

bowlder; point in square marked "IT. S. B. M. 5736" 5,735.600 

Strontia Springs, 0.67 mile north of, east of track, on bowlder; 

point in Siiuare marked " U. S. B. M. 5798" 5,796.859 

Strontia Springs, in front face of Strontia Springs Hotel ; alumi- 
num tablet stamped ** 5864 " 5, 862. 971 

Strontia Springs, 1.24 miles south of, west of track, on bowlder; 

point in square marked " V. S. B. M. 5994 " 5, 993. 710 

Strontia Springs, 2.25 miles south of, west of track, on bowlder; 

point in square marked " V. S. B. M. 6087 " 6, 086. 342 

South Platte, in front of station ; top of rail 6, 093. 1 

South Platte, 160 feet south of, at west edge of park faice, in 

bowlder; aluminum tablet stamped "6094" 6,093.369 

South Platte, 1.12 miles south of, west of track at small flume 

crossing river, on rock ; point in square marked " U. S. B. M. 

6138 " 6, 137. 666 

Dome Rock, 900 feet north of, west of track, on rock; point in 

square marked " U. S. B. M. 6208 " 6, 207. 230 

Dome Rock, in front of station; top of rail 6,215.8 

Dome Rock, 800 feet south of, in top of front foundation of water 

tank ; aluminum tablet stami)ed " 6229 " 6, 228. 791 

Dome Rock, 1.05 miles south of, west of track, on rock; point in 

square marked "U. S. B. M. 6266" 6,265.835 

Dome Rock, 2.28 miles south of, 60 feet west of track, in small flat, 

on large bowlder ; point in square marked " U. S. B. M. 6359 " 6, 358. 760 
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Stone, 204 feet south of signboard, in west side of stone abutment Feet 

of culvert; aluminum tablet stami)ed **6425" 6,424.449 

Petershead, in front of station sign; top of rail 6,485.9 

Petershead, 120 feet soutli of, 6 feet east of traclt, on large granite • 

bowlder; point in square marked ** U. S. B. M. 6488" 6,487.215 

Femdale, 1,100 feet north of, 12 feet west of track, in granite oat- 
crop; aluminum tablet 8tami)ed **6539" 6,538.618 

Femdale, in front of signboard; top of rail 6,548.7 

Femdale, 0.57 mile south of, west of track, in bowlder; point in 

square marked ** U. S. B. M. 6596" 6,596.111 

Riverview, in front of signboard; top of rail 6,604.0 

Buffalo, in front of station; top of rail 6,629.7 

Buffalo, in front face of J. W. Green's store; aluminum tablet 

stamped '* 6634 " 6, 633. 377 

Buffalo, 1 mile west of, north of track, on rock; point In mpiare 

marked " U. S. B. M. 6680" 6,678.976 

Pine Grove, in front of station; top of rail- 6,754.4 

Pine Grove, 295 feet west of station, 80 feet north of track, In east 

corner stone of fence around Columbine Cottage; aluminum 

tablet stamped "6766" 6,765.436 

Crystal I^ke, in front of signboard; top of rail 6,762.9 

Crystal I^ke, 0.46 mile west of, north of track, on rock; i>olnt In 

square marked "U. S. B. M. 6789" 6,788.726 

Carla, In front of signboard; top of rail 6,844.5 

Carla, 0.29 mile west of, north of track, on rock; point In square 

marked " U. S. B. M. 6854" 6,853.439 

Glenmore Lakes, in front of signboard; top of rail 6,880.5 

Cliff, 950 feet north of, 6 feet east of track, in top of large bowlder; 

aluminum tablet stami)ed "0916" 6,915.470 

Cliff, in front of station; top of rail 6,923.4 

Cliff, 1.6(5 miles west of, south of track, on rock; point in square 

marked " U. S. B. M. 7068" 7,067.337 

Crosson, in front of signboard; top of rail 7,071.4 

Crosson, 15 feet north of track, 150 feet north of milei>ost 49, in 

bowlder; aluminum tablet stnmi)ed "7236" 7,235.619 

Crosson, 1.22 miles west of, on top of retaining wall of northeast 

abutment of steel bridge over Platte River; square marked 

"U. S. B. M. 7388" 7,387.622 

Crosson, 2.27 miles west of, 150 feet east of milepost 51, soath of 

track, on rock: point in square marked "F. S. B. M. 7529" 7,528.400 

Estabrook, 1,800 feet west of, in southeast abutment of steel bridge 

over river; aluminum tablet stamped "7572" 7,571.743 

Insmont, 650 feet east of, KJO feet west of milepost 53, north of 

track, on outcrop of rock ; point in sqtiare marked " r. S. B. M. 

7660 " 7, 659. 580 

Insmont, in front of station; top of rail 7,660.^ 

Fairview, in front of station; top of rail 7,689.5 

Falrview, 700 feet west of, north of track, on bowlder; point In 

square marked " U. S. B. M. 7693 " ^ 7,692.488 

Bailey, in fnwit of station; top of rail 7,729.9 

Bailey, 620 feet west of station, 50 feet south of track, 20 feet 

east of small bridge over Platte River, In granite outcrop; 

aluminum tablet stamped "7733" 7,732.300 
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OOMO aUADBANGLE. 
Bailey wett alonf Colorado ft Southern By. to Bakera Tank. 

Bailey, 1.13 miles west of, on top of bolt in top of northwest bent Feet 

of bridge 1081 ; point in square marked ** U. S. B. M. 7704 " 7, 793. 2 

Glenisle, in front of station; top of rail 7,830.9 

Grousemont, in front of station; top of rail 7,925.2 

Grousemont, 40 feet west of station, 30 feet north of track, in 

large bowlder; aluminum tablet stamped "7931" 7,930.200 

Maddox, in front of signboard; top of rail 7,989.9 

Altruria, in front of signboard; top of rail 8,022.6 

Shawnee, in front of station; top of rail 8,066.7 

Shawnee, 325 feet west of station, 20 feet south of track, in large 

bowlder; aluminum tablet stamped "8066" 8,066.1 

Boxwood Spur, in front of station sign; top of rail 8,184.6 

Boxwood Spur, 0.32 mile west of, north of track, in base of whistle 

post; spike marked " U. S. B. M. 8206 " 8,206.0 

Ix>ng Meadow, in front of signboard; top of rail 8,239.0 

Kline, 40 feet east of station signboard south of track, on rock; 

point in square marked " U. S. B. M. 8287 " 8, 286. 612 

Chase, in front of station; top of rail . 8,351.7 

Chase, 290 feet west of, 50 feet south of track, in large bowlder; 

aluminum tablet stamped "8361" 8,360.315 

Cassells, 130 feet west of station, at cattle guard, south of track, 

on rock ; point in square marked " U. S. B. M. 8423 " 8, 422. 97 

Cassells, in front fouhdation of Cassells Hotel ; aluminum tablet 

stamped " 8445 " 8, 445. 146 

Cassells, 1.30 miles west of, north of track, 15 feet south of road, 

on rock ; point in stiuare marked " U. S. B. M. 8505 " 8, 504. 33 

Grant, in front of station ; top of rail I 8, 575. 

Grant, 0.18 mile west of, 5 feet north of track, 20 feet south of road, 

at east end of cut, hi bowlder; aluminum tablet stamped '* 8,^^91 "_ 8, 590. 444 
Grant, 1.52 miles west of, south of traclt, on rock; point in square 

marked " V. S. B. M. 8769 " 8, 768. 08 

Webster, 0.01 mile west of station, 20 feet south of track, 15 feet 

west of wooden bridge, in bowlder; aluminum table stamped 

** 9020 " 9, 019. 778 

Webster, 0.96 mile west of, 15 feet north of track, 80 feet west of 

bridge, on rock ; point in square" marked ** U. S. B. M. 9180 9, 179. 90 

Hoosler, 1.17 miles east of, 65 feet east of road crossing, 5 feet 

north of track. In cut ; aluminum tablet stamped ** 9541 " 9, 541. 010 

Hoosier, 1.07 miles west of, 425 feet east of milepost 75, 25 feet south 

of track, on rock at base of telegraph pole; point In square marked 

" U. S. B. M. 9843 " 9, 843. 32 

Kenosha, In front of station; top of rail 9,990.4 

Kenosha, 120 feet east of east comer of station, 100 feet west of 

north comer of section house, 140 feet north of track, in granite 

outcrop; aluminum tablet 8tami)ed "9992" 9,991.698 

Kenosha, 0.85 mile west of, 250 feet west of milepost 77, north of 

track, on rock ; point In square marked " U. S. B. M. 9834 " 

(should be marked "9857") 9,857.09 

Kenosha, 2.54 miles west of, 20 feet north of track, 65 feet south 

of fence, 160 feet west of cattle guard, in bowlder; aluminum 

tablet stamped "9587" 9,586.826 
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Feet 

Jefferson, in front of station ; top of rail 9, 507. G 

Jefferson, northwest corner of front face of schoolhouse; alumi- 
num tablet stamped **9500" 9,499.903 

Michigan, 225 feet south of track, in front foundation of C. B. Whit- 
ten's ranch house ; aluminum tablet stamped " 9504 " 9, 503. 803 

Michigan, in front of signboard; top of rail 9,514.9 

CJomo, in front of station ; top of rail 9, 794. 9 

Como, in front face of railroad hotel, southwest corner; aluminum 
tablet stamped *' 9706 " 9, 796. 333 

Como, 1.07 miles west of, north of track, on bowlder; point in 

square marked ** U. S. B. M. 9908 " 9, 90S. 20 

Como, 2.09 miles west of, south of track, on bowlder; point in 
square marked " U. S. B. M. 9996" 9,996.33 

Peabodys, 20 feet west of signboard, 12 feet south of track, in large 
rock, aluminum tablet stamped ** 10097" 10,097.587 

Peabodys, 1 mile northwest of, west of track, on rock; point in 

square marked " U. S. B. M. 10284" 10.2H4.213 

Halfway, 0.10 mile west of station, 160 feet east of mileiiost 94, 
15 feet west of old water tank, 15 feet north of track, in granite 
outcrop ; aluminum tablet stami)ed " 10577 " 10, 577. 457 

Halfway, 1 mile northwest of, 150 feet north of milepost 95, 
15 feet east of track, on rock; point in square marked "U. S. 
B. M. 10766" 10,765.77 

Halfway, 3.22 miles northwest of, 95 feet west of snowshed, 35 
feet north of track, 0.14 mile west of milepost 97 ; aluminum tablet 
stami)ed *' 11176 " 11, 176. 625 

Boreas, in front of station: top of rail 11,4K9. 27 

Boreas. 350 feet west of station, 65 feet southeast of west end of 
snowshed, in top of granite bowlder; aluminum' tablet stamped 
" 11482 " 11, 482. 786 

Famhaui, 0.74 mile northwest of, east of track, on bowlder; point 
in square marked " U. S. B. M. 11133" 11,133.05 

Dwyer, in front of signboard; top of rail 11,096.7 

Bakers Tank, 0.06 mile northwest of, 115 feet northwest of water 
tank, 15 feet east of track, in outcrop of red stone; aluminum 
tablet stamped "10860" 10.860.483 

Bakers Tank, 1.06 miles northwest of, 200 feet northwest of sign 
reading *' 1 mile to water tank," east of track, on rock ; point in 
square marked " U. S. B. M. 10692" 10,692.38 

LEADYILLE aUADBANGLE. 
Argentine along Colorado ft Southern By. to Leadville. 

Argentine, in front of signboard ; top of rail 10, 603. 8 

Argentine, 0.46 mile northwest of, 160 feet southeast of milepost 

104, east of track, on rock; i)oint in square marked " U. S. B. M. 

10545 " 10. 545. 10 

Pittsburg, in front of signboard; top of rail 10,337.2 

Pittsburg, 353 feet northwest of signboard, west of traclt, on rock; 

point in square marked " U. S. B. M. 10326" 10,326.51 

Washington, 300 .feet northwest of signboard, 5 feet north of rail, in 

granite bowlder; aluminum tablet stamped "10231" 10,231.100 

Breckenridge, 3.10 miles southeast of, north of track, on rock; 

point in square marked " U. S. B. M. 10053" 10,053.60 
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Breckenridge, 2.13 miles southeast of, north of track, on rock; Feet. 

point in square marked " U. S. B. M. 9883" 9.883.20 

Breckenridge, 1.80 miles south of, 350 feet south of track. 150 feet 

south of siding, east of public road, in large granite bowlder; 

aluminum tablet stami)ed " 9844 " 9, 844. 537 

Puzzle, in front of signboard; top of rail 9,803.8 

Breckenridge, in front of station; top of rail 9,564.7 

Breckenridge, in front face of II. C. Finding's store; aluminum 

tablet stamped *' 9577 " 9,577. 282 

Wheeler, 1.50 miles southwest of, east of track, point on rock marked 

"U. S. B. M. 10002" 10,001.43 

Johnson, in front of signboard; top of rail 10,044. 18 

Harrison, in front of signboard; top of rail 10,194.8 

Harrison, 0.17 mile southwest of, 270 feet north of milepost 129, 

400 feet southwest of culvert 1332, 30 feet west of track, in 

granite bowlder; aluminum tablet stamped "10226" 10,226.133 

Wilder, in front of signboard; top of rail 10,258.9 

Wilder, 1.25 miles southwest of, east of track, on l)owlder; point in 

square marked " U. S. B. M. 10375" 10,374.58 

Kokomo, 0.72 mile north of, east of track, on rock ; point in square 

marked "U. S. B. M. 10494" 10,494.36 

Kokomo, 160 feet north of, north end of snowshed, 15 feet east of 

track, in large granite bowlder; aluminum tablet stamped 

" 10618 " 10, 618. 392 

Robinson, in front of signboard; top of rail 10,855.2 

Bobinson, 0.95 mile south of station, 100 feet west of Colorado & 

Southern By. track, 120 feet east of Denver & Rio Grande R. R. 

track, 50 feet northwest of miner's abandoned* cabin, 15 feet west 

of old mine shaft, in flat granite bowlder; aluminum tablet 

stamped " 11003 " 11, 003. 114 

Buffer, 30 feet north of signboard, 8 feet east of track, on top of 

granite bowlder; point in square marked " U. S. B. M. 11146 "___ 11,146.15 

Buffer, in front of signboard; top of rail 11,148.25 

Climax, 100 feet south of signboard, 25 feet east of main track, 8 

feet north of telegraph pole, in top of granite bowlder; aluminum 

tablet stamped "11320" 11,320.195 

Climax, 1.06 miles south of, east of track, on rock ; point iu square 

marked " U. S. B. M. 11250" 11.249.84 

Wortmans, 0.92 mile south of, 45 feet west of culvert 1352, south of 

track; point on rock marked "U. S. B. M. 11158" 11,158.41 

Wortmans, 1.70 miles west of, 310 feet west of milepost 140, north 

of track; point on rock marked ** U. S. B, M. 11082" 11,081.80 

Wortmans, 2.65 miles west of, 40 feet west of sign ** 1 mile to water 

tank," 50 feet east of milepost 141, 15 feet north of track. In top 

of granite bowlder; aluminum tablet stanqied "10994" 10,994.319 

French Gulch, 35 feet north of signboard, in west front stone foun- 
dation of water tank ; chiseled square marked *' U. S. B. M. 

10901 " 10, 900. 68 

Blrdseye, 1.21 miles north of, 1,050 feet north of milepost 143, east 

of track, south end of cut, on rock ; point in square marked " U. S. 

B. M. 10783" 10,783.42 

Birdseye, 40 feet north of signboard, 90 fe(4. east of handcar 

house, 5 feet north of siding, in large granite bowlder ; aluminum 

tablet stamped "10673" 10,672.902 
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Birdseye, 0.68 mile south of, 350 feet west of mllepost 145, 8 feet Feet, 

south of track ; top of large bowMer marked " U. S. B. M. 10611 "_ 10, 611. 41 

Birdseye, 1.67 miles south of, e«i«t of track, 125 feet south of mile- 
post 146, 165 feet north of sign " 1 mile to water tank ;" point on 
rock marked " U. S. B. M. 10522" 10,522.59 

Birdseye, 2.73 miles south of, 300 feet south of mllepoet 147, In 
south foundation of water tank; aluminum tablet stamped 
" 10416 " 10, 416. 514 

Birdseye, 3.6 miles south of, opposite milepost 148, 3 feet east of 

track, on rock; point in square marked "IT. S. B. M. 10352" 10,852.47 

Birdseye, 4.62 miles south of, opi)08ite milepost 149, east of track, 

on rock; point in square marked " U. S. B. M. 10324" 10,323.81 

LeadTille, crossing of Colorado & Southern Ry. and Denver & Rio 

Grande R. R. ; no record of mark, probably top of rail 10, 235. 5 

Leadvllle, in front of Colorado & Southern R. R. station ; top of rail. 10. 207.0 

lieadvllle, southwest comer, front face of iK)st office ; aluminum tab- 
let stamped ** 10153" 10,153.396 

Leadville, southeast comer, front face of courthouse; aluminum 
tablet stami»ed ** 10140" 10,140.090 

Leadvllle alonf Denver ft Bio Orande B. B. te Pando. 

Leadville, in front of Denver & Rio (irande R. R. station; top of 

rail 10,184.4 

Leadville, O.a^ mile west of Denver & Rio Grande R. R. station, 370 
feet east of sign " Leadville 1 mile," north of track, on rock ; 
point in square marked *' U. S. B. M. 10101" 10, 101.02 

Leadville, 1.99 miles west of, 90 feet east of wooden box culvert, 
850 feet east of milepost 278, north of track, on rock; point in 
square marked '* U. S. B. M. 9909" 9,909.21 

leadville Junction, in front of station ; top of rail 9, 744.5 

Leadville Junction, 0.28 mile north of, 50 feet south of east end of 
wooden bridge, 80 feet south of road, 5 feet south of fence, 10 
feet east of Tennessee River, in top of granite bowlder ; aluminum 
tablet stamped **9755" 9,755.537 

Keeldar, opi)osite milepost 277, 45 feet west of track, 75 feet north- 
west of ^wltch stand, south end of siding, east of fence, in granite 
bowlder; aluminum tablet 8tami)ed "9936" 9,936.051 

Keeldar, in front of signboard; top of rail 9,958.6 

Tennessee Pass, in front of station ; top of rail 10, 218. 8 

Tennessee Pass, 430 feet north of station, in north foundation stone 
of water tank ; aluminum tablet stamped " 1(^23 " 10, 222. 788 

Mitchell, in front of signboard; top of rail 9,914.6 

Mitchell, 915 feet north of signboard, 600 feet south of mileimst 2H4, 
west of track, in granite bowlder; aluminum tablet stamped 
" 9890 " 9, 890. 112 

Mitchell, 3.25 miles north of, 175 feet south of mllei)08t 287, west of 
track, in face of granite bowlder; aluminum tablet stamped 
" M15 " 9, 415. 205 

Pando, 2.27 miles north of, SO feet south of milepost 291, in south- 
west abutment of bridge 290-B over Eagle River ; aluminum tab- 
let stamped "9042" 9,042.234 
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MOTTNT POWELL aTTABRANGLE. 

Bartholomew alonf Denver ft Bio Grande B. &. to Mlntum. 

Feet 

Bartholomew, in front of signboard; top of rail 9,378.8 

Breckenridge, 2.03 miles northwest of. on northwest abutment of 
steel bridge over river ; center of square marked " U. S. B. M. 

9534 " 9, 354. 08 

Braddock, in front of signboard* top of rail 9, 241. 2 

Dickey. 340 feet south of station, in front face of stone pump house ; 

aluminum tablet stamped "9009" 9,008.786 

Dickey, 2.12 miles southwest of, at southeast end of bridge 1324, 
south bank of creek, on large granite bowlder; point in square 

marked " U. S. B. M. 9121 " 9, 120. 40 

Frisco, 45 feet southeast of station, 30 feet east of track, in face pf 

large granite bowlder ; aluminum tablet 8tami>ed " 9097 " 9, 096. 777 

ItYisco, in front of station; top of rail 9,097.3 

Curtln, in front of signboard; top of rail 9, 295. 9 

Curtin, 0.99 mile southwest of, at aerial tramway, 20 feet west of 
track, 12 feet north of bunk house, in granite bowlder; allumlnum 

tablet stamiied "9454" 9,453.784 

Curtln, 4.12 miles southwest of, 45 feet east of water tank, 5 feet 
east of track, in granite bowlder; aluminum tablet stamped 

" 9739 " 9, 739. 186 

Red CliflP, in front of station ; top of rail 8, 599. 6 

Red Cliff, 160 feet north of station, 40 feet west of platform, 50 feet 
west of small tool house, 10 feet west of track ; aluminum tablet 

stanii)ed "8598" 8,598.224 

Rock Creek, 0.22 mile north of, 45 feet north of milepost 297, 15 feet 

east of track, in face of cut ; aluminum tablet stami)ed " 8266 " 8, 265. 597 

Mintum, 1.95 miles south of, 120 feet south of milei)osr 300, east of 
track, in top of concrete culvert; aluminum tablet stamped 

" 7968 " 7, 968. 044 

Mintum, 0.05 mile south of station, east of track, in northwest cor- 
ner, front face of section house ; aluminum tablet stamped ** 7819 " 7, 818. 865 

Mlnturn, In front of station; top of rail 7,814.64 

Mintum, 3.98 miles west of, 250 feet east of milejiost 306, 20 feet 
south of track, in top of large granite bowlder: aluminum tablet 
stamped " 7571 " 1 7, 570. 638 

EAGLE aTTABBANGLE. 
Avon alonf Denver ft Bio Grande B. B. to Gjpsum. 

Avon, in front of station ; top of rail 7, 455. 9 

Avon, 1.16 miles west of, 550 feet west of mllei)ost 309, north of 
track, south of fence. In top of granite bowlder; aluminum tablet 
stamped " 7379 " 7, 378. 263 

Avon, 2.88 miles west of, 900 feet east of milepost 311, 270 feet east 
of private road crossing to Frank Gtermon's farm. In top of large 
granite bowlder; aluminum tablet stamjied " 7300 " 7, 299. 326 

Allenton, 80 feet east of signboard, 175 feet north of bridge over 
B^gle River, 60 feet south of track, in large granite bowlder: 
aluminum tablet stamped "7135" 7,134.475 
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16 SPIRIT LEVELING IN COLORADO, 1896 TO 1910. 

Feet, 

Allenton, in front of signboard ; top of raii 7, 135. 3 

Wolcott, 2.16 miles east of, 525 feet east of milepost 317, 160 feet 
nortlieast of nortlieast comer of wooden bridge over Eagle River, 
25 feet south of track, 21 feet north of fence, in top of flat granite 

roclj; aluminum tablet stamped "7041" 7,040.159 

Wolcott, 1.06 miles east of, north of track, 120 feet east of milepost 

318; point on rock marked *' U. S. B. M. 6997" u 6,990.00 

Wolcott, in front of station; top of rail 6.966.1 

Wolcott, 45 feet north of northeast comer of Eagle River Inn fence, 
40 feet west of southwest comer of O. E. Smith's blacksmith 
shop, 100 feet south of southeast comer of wooden bridge over 
Eagle River, 5 feet east of road, in top of large gninlte bowlder; 

aluminum tablet stahiped "6955" 6,954.493 

Sherwood, 1.68 miles west of, 20 feet west of track, 35 feet west of 
milepost 323, in top of flat granite bowlder; aluminum tablet 

stamped " 6804 " 6, 863. 514 

Ortega, 2.34 miles west of, 310 feet east of milei)ost 326, 15 feet 
south of track, 10 feet north of fence, in granite bowlder; alu- 
minum tablet stamped " 6718 " 6, 717. 190 

Eagle, in front face of northwest comer of Eagle Club building; 

aluminum tablet stamiKid "6602" 6,601.242 

Eagle, in front of station; top of rail 6,590.0 

Eagle, 2.75 miles west of, 250 feet south of track at crossroads, 
in northwest corner of Mr. Shirley R. Tuck*s house; aluminum 

tablet stamped "6493" 6,491.986 

GjTJswni, east side of front steps of schoolhouse, on top of third stei) : 

aluminum tablet stamped "6334" 6,333.141 

Gypsum, 2.16 miles west of, south of track. 80 feet south of milepost 
338, 25 feet north of fence, In top of flat granite bowlder; alumi- 
num tablet stamped "6267" 6,266.023 

GLENWOOD SPBINGB aUADBANGLE. 
Dotsero alonf Denver ft Bio Grande B. B. to New O&stle. 

Dotsero, 0.7 mile east of. 215 feet west of milepost 342, 90 feet south 
of track, 3 feet Inside of fence, at east end of old wooden gate. In 
top of small granite bowlder; aluminum tablet stamped "6162". 6, 161.465 

I>otsero, In front of signboard; top of rail 6,157.6 

Dotsero, 1.3 miles west of, 130 feet east of milepost 344, south of 

track, in face of side rock cut; aluminum tablet stamped "6151 "_ 6, 149. 860 

Shoshone, 3.5 miles east of, 190 feet east of milei)ost 347, 10 feet 
north of track. In top of large granite bowlder; aluminum tablet 
stamped " 6132 " 6, 131. 110 

Shoshone, 0.5 mile east of, 75 feet west of milepost 350, 75 feet west 
of west end of tunnel, south of track, in rock cut; aluminum 
tablet stamped "6118" 6,116.936 

Shoshone, in front of station ; top of rail 6, 109. 4 

Shoshone, 1.36 miles west of, 675 feet east of mllei)ost 352, In 
west end of northwest stone abutment of bridge 351 -A ; aluminum 
tablet stamped "6057" 6,056.466 

Shoshone, 4.52 miles west of, near east end of (irlzzly spur, 12 feet 
north of side track, 275 feet east of milepost 355, in top of gran- 
ite bowlder; aluminum tablet stami)ed "5865" 5,863.932 
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Feet. 

Grizzly, in front of signboard, top of rail 5, 858. 7 

Glenwood Springs, 2.2 miles east of, 210 feet west of mileiwst 358, 
20 feet north of track, in top of large granite bowlder ; aluminum 
tablet stamped " 5785 " 5, 783. 831 

Glenwood Springs, 0.91 mile east of, north of track, at west end of 

tunnel, on rock; point in square marked " U. S. B. M. 5779" 5,778.25 

Glenwood Springs, 400 feet west of station, 15 feet north of track, 
top of abutment of highway bridge over Grand River; marked 
point in square 5, 789. 70 

Glenwood Springs, In front of station; top of rail 5,747.4 

Glenwood Springs, in face of retaining wall at west end of station, 
75 feet south of track ; aluminum tablet stamped " 5751 " 5, 750. 416 

Glenwood Springs, in face of stone column at main entrance of 
Colorado Hotel; aluminum tablet stami)ed "5764" 5,763.226 

Glenwood Springs, north side of Grand River, 40 feet west of bath 
house No. 3, In west end of retaining wall of highway; copper 
plug stamped " sjihi *' (Central Colorado Power Co. bench 
mark) 5,740.379 

Glenwood Springs, 2.66 miles west of, 115 feet east of large yellow 
bam with red roof, in top of northeast corner of railroad culvert ; 
aluminum tablet stamped "5707" 5,706.476 

Glenwood Springs, 3.75 miles west of, north of trail, at foot of 
milepost 364: point on rock 5,688.36 

Chacra, 2.2 miles east of, north of track, 70 feet east of milepost 
366, in face of large granite bowlder; aluminum tablet stamped 
" 5654 " 5, 652. 927 

New Castle, 3.65 miles east of, 80 feet west of milepost 369, north 
of track, in top of large granite bowlder; aluminum tablet 
stamped " 5613 " 5, 611. 819 

BIFLE aiTABRANOLE. 
New Oaitl« alonp Denver ft Rio Grande R. R. to Grand Valley. 

New Castle, 1,480 feet east of station, in top of east side of north 
abutment of Colorado Midland Ry. bridge ; bronze tablet stami)ed 
" 5552 " 5, 551. 074 

New Castle, in front of station; top of rail (Colorado Midland 

Ry. track) • 5.551.0 

West New Castle, in front of station sign ; top of rail 5, 544. 6 

Note. — The Colorado Midland Ry. and the Denver & Rio Grande 
R. R. use the same track from this point west. 

New Castle, 2.95 miles west of, 225 feet east of milepost " NC-No. 3," 
40 feet north of west end of railroad bridge 2-A, 40 feet north of 
track, 5 feet east of gate leading to ranch, at corner of fence, in 
top of rock; aluminum tablet stamped "5542" 5,541.777 

Silt, in front of station; top of rail 5,432.0 

Silt, in southeast comer of front face of foundation of section 
house; aluminum tablet stamped "5434" 5,432.669 

Silt, 2.24 miles west of, 60 feet west of milepost " NC-No. 9," north 
of track, 25 feet below tracks, in top of wing wall of arch cul- 
vert; aluminum tablet stamped "5394" 5,392.819 

07938°— Bull. 486—11 2 
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Rifle, 2.66 miles east of, 12 feet north of track, 0.32 mile west of 
milepost " NO-No. 11," in top of concrete railroad culvert ; alumi- Feet, 

num tablet stamped " 5362 " 5, 361. 159 

Rifle, in front of station ; top of rail 5, 299. 3 

Rifle, 35 feet north of west end of Denver & Rio Grande R. R. 
station, in top of concrete manhole at margin of highway ; alumi- 
num tablet stamped " 5302 " 5, 300. 876 

Rifle, 3.11 miles west of, 575 feet west of milepost "NC-No. 17," 
155 feet west of railroad bridge 17-A, 10.3 feet north of north rail, 
in top of small bowlder ; aluminum tablet stamped " 5263 " 5, 261. 659 

Lacy, 1.2 miles west of, 40 feet north of milepost ** NC-No. 20," 50 
feet north of track, at south margin of fence, in top of sandstone 
rock; aluminum tablet stamped "5214"— 5,212.831 

Morris, in front of station; top of rail 5,203.5 

Morris, 0.5 mile west of, 30 feet north of tracks, 25 feet south of 
fence, 215 feet east of small log cabin, in top of large granite bowl- 
der; aluminum tablet stamped "5202" 5,200.661 

Grand Valley, 6.07 miles east of, 1,115 feet west of milepost " NC-No. 
25," 11.5 feet north of track, in center of coping stone of railroad 
culvert ; aluminum tablet stamped " 5165 " 5, 163. 653 

OAXEO aUADBAHOLE. 
Onnd Valley alonr DenYer * Bio Qnnde B. B. to Grand Junction. 

Grand Valley, 2.25 miles east of, 235 feet west of milepost " NC-No. 
29," 30 feet south of track, 20 feet north of fence, 185 feet east of 
railroad bridge 29-A, in top of granite bowlder; aluminum tablet 
stamped " 5118 " i - 5, 117. 372 

Grand Valley, 2 miles east of, 12 feet north of track, in top of 
foundation of pillar of water tank ; bronze tablet stamped " 5095 "- 5, 094. 405 

Grand Valley, in front of station ; top of rail 5, 094. 

Grand Valley, 2.4 miles west of, north of west end of railroad bridge 
33-B, in top of flat granite bowlder; aluminum tablet stamped 
" 5031 " :_-. 5, 030. 260 

Una, in front of station; top of rail 5,015.6 

Una, 1 mile west of, opposite milepost " NC-No. 37," 55 feet south of 
track, 50 feet north of fence, in top of granite bowlder ; aluminum 
tablet stamped "5024" 5,022.756 

De Deque, 2.78 miles east of, 360 feet west of milepost "NC-No. 
41," 40 feet south of track, in top of sandstone rock; aluminum 
tablet stamped " 4962 " 4, 961. 401 

De Beque, in front of station; top of rail 4,935. 1 

De Beque, 3.11 miles west of, 200 feet west of milepost " NC-No. 47," 
in top of stone culvert; aluminum tablet stamped "4959" 4,957.792 

Akin, 0.1 mile west of, 85 feet northeast of milepost " NC-No. 51," 
75 feet north of main track, in face of large granite bowlder ; alu- 
minum tablet stamped "4835" 4,833.998 

Akin, 2.1 miles west of, 110 feet east of milepost " NC-No. 53," 35 
feet south of track on bank of river, in top of granite bowlder; 
aluminum tablet stamped "4833" 4,831. 

Tunnel, in front of station; top of rail .. 4,807.9 
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Tunnel, 1 mile west of, 80 feet west of west end of tunnel, 30 feet 
west of milepost "NC-No. 56," 6 feet north of track, in top of 
bottom foundation stone of old water tank; aluminum tablet Feet, 
stamped "4794" 4,793.291 

Tunnel, 4 miles west of, 20 feet east of mileiwst " NC-No. 59," 12 
feet north of track, In face of granite bowlder; aluminum tablet 
stamped "4773" 4,772.005 

Palisade, 2.41 miles east of, 138 feet west of niilei)ost " X(VNo. 62," 
20 feet north of track, in top of large bowlder; aluminum tablet 
stamped "4742" 4,741.449 

Palisade, in front of station; top of rail 4,731.2 

Palisade, in front face of southwest comer of main entrance to 
Jordan Inn; aluminum tablet stamped. "4729" 4,727.709 

Palisade, 3.95 miles west of, 0.45 mile west of mllei)ost " XC-Xo. 
68," 268 feet east of road crossing, 15 feet south of track, in top 
of railroad culvert ; aluminum tablet stamped " 4709 " 4, 708. 058 

Clifton, 1.11 miles west of, 600 feet west of milei)08t " NC-Xo. 71," 
north of track, in top of imrapet wall around iron pii)e ; aluminum 
tablet stamped "4685" 4,684.584 

Frultvale, in front of signboard; top of rail 4,652.7 

O&AND JXXHCTIOH aUADRAHOLE. 
Orand Junctton alonr DenYer * Bio Orande B. B. to Whitewater. 

Grand Junction, 2.29 miles east of, on Teller Institute grounds. In 
west face of north end of brick bam; aluminum tablet stampoil 
" 4598 " 4, 597. 478 

Grand Junction, in front of station; top of rail 4,574.6 

Grand Junction, at station, in front face of baggage room; alumi- 
num tablet stamped "4579" 4,577.943 

Grand Junction, in front face of southeast comer of Grand Valley 
National Bank; aluminum tablet stami>ed "4587" ._ 4,586.525 

Grand Junction, north side of Carnegie library building; iron 
post stamped "4606.2" (Reclamation Service bench mark) 4.595.513 

Grand Junction, 1.3 miles southeast of, 312 feet southeast of mile- 
post "D-423," 20 feet north of railroad bridge 422-A, on rock; 
point In square marked " U. S. B. M." 4,567.28 

Grand Junction, 3.22 miles southeast of, 40 feet southeast of mile 
post " D-421," 12 feet south of track, in top of granite bowlder ; 
aluminum tablet stamped "4587" 4,586.139 

Grand Junction, 6.25 miles southeast of, 315 feet southeast of mile- 
post "D-418," 50 feet east of track, in top of granite bowlder; 
aluminum tablet stami>ed "4612" 4,610.635 

Unaweep, in front of signboard; top of rail 4,615.8 

Grand Junction, 9.16 miles southeast of, 70 feet northwest of mile- 
post "I>-415," west of track, in top of granite bowlder; alumi- 
num tablet stamped "4625" 4,623.936 

DELTA aUADBANOLE. 
Whitewatfr along Denver * Bio Orande B. B. to Oliipeta. 

Whitewater, in front of station; top of rail 4,644.5 

Whitewater, 25 feet southeast of east end of bridge; iron post 

stamped " 4643 " 4, 643. 197 
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Whitewater, 1.41 miles southeast of, 80 feet southeast of mile- 
ix)8t ** D-410/' east of track, on rock ; iK)int in square marked Feet. 

" (J. S. B. M. 4660" 4,658.64 

Whitewater, 2.38 miles southeast of, 75 feet north of milepost 
" D-409," 55 feet east of track, in top of large rock ; aluminum 
tablet stamped "4662" 4.661.121 

Kahnah, 1.96 miles southeast of, 125 feet southeast of milepost 
"D-406," 20 feet east of track, in top of large rock; aluminum 
tablet stamped "4675" 4,674.220 

Deer Run, 0.9 mile southeast of, 45 feet west of milepost " D-402," 
30 feet west of track, in top of large rock; aluminum tablet 
stamped " 4694 " 4, 692. 980 

Deer Run, 3.89 miles southeast of, 200 feet southeast of milepost 
" I>-399," east of track. In top of granite bowlder ; aluminum 
tablet 8tami)ed "4722" 4,721.142 

Bridgeport, 0.32 mile northwest of, 145 feet southeast of milepost 
" D^98," 20 feet east of track, on rock ; point in square marked 
"U. S. B. M. 4735" 4,733.83 

Bridgeport, 1.61 miles southeast of, 90 feet east of milepost 
" D-396," 10 feet north of track, in top of granite bowlder; alumi- 
num tablet stamped "4750" l. 4,749.104 

Dominguez, 1.95 miles northwest of, 115 feet northeast of milepost 
" D-393," 144 feet southeast of road crossing, 10 feet east of 
track, in top of granite bowlder; aluminum tablet stami)ed 
"4770" 4,768.851 

Dominguez, 50 feet east of milei)08t " I>-391," 250 feet south of 
water tank; iron iwst stamped "4,788.4" (Reclamation Service 
bench mark) 4,777.715 

Dominguez, 3.05 miles southeast of, 95 feet southeast of milepost 
" D-388," 32 feet south of track, In top of granite bowlder ; alumi- 
num tablet stamped "4806" 4,804.977 

Escalante, 0.18 mile northwest of, 515 feet west of milei)ost 
"D-SK.')," 50 feet north of track, 950 feet west of Escalante 
siding, in top of granite bowlder; aluminum tablet stamped 
" 4826 " 4, 825. 520 

Escalante, 2.93 miles southeast of, 85 feet south of mllei>ost 
" D-382," 12 feet east of track, in top of granite bowlder; alumi- 
num tablet stamped "4847" 4. S45. 725 

Stratter, In front of signboard; top of rail 4,859.7 

Roubldeau, 0.44 mile northwest of, east of track, 40 feet south of 
milepost " D-378," on rock, iwlnt In square marked " U.S.B.M. 
4874 " 4, 873. 20 

Roubldeau, 25 feet north of track, opposite stock yard, 16 feet west 
of telephone box; Iron i)ost stami)ed "4903" (Reclamation Serv- 
ice bench mark) 4,882.41 

Delta, 2.41 miles northwest of, 1,100 feet northwest of mileiwst 
" D-375," at south end of bridge; In top of east stone abutment; 
aluminum tablet stami)ed "4913" 4,912.638 

Delta, 3 feet east of front of courthouse; iron post stamped 
"4974" (Reclamation Service l)ench mark) 4,953.762 

Delta, in front of station; top of rail 4,960.37 

Delta, 3.22 miles southeast of, 5 feet southeast of telephone pole 
1855, 100 feet east of track, 18 telegraph poles north of white 
schoolhouse; Iron post stamped "5102" (Reclamation Service 
bench mark) 5,081.801 
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Feet. 

Chipeta, in front of signboard; top of rail 5,151.5 

Cliipeta, 1 mile southeast of, 190 feet south of road crossing, in top 
of north end of retaining wall of railroad culvert; aluminum 
tablet stamped "5191" 5,190.769 

H0T0HKI88 aXTAD&ANOLE. 

6liipet& alonr Denver * Bio Grande B. B. to Montroie. 

Chipeta, 2.06 miles southeast of, 5 feet south of telegraph pole 
2028, 80 feet from track near culvert 365-A; iron iM)8t stamped 

" 5250 " (Reclamation Service bench mark) 5, 230. 348 

Olathe, in front of station; top of rail - 5,346.20 

Olathe, 90 feet east of main track, in front of station, In line be- 
tween telegraph poles 2161 and 2163 ; iron post stami>ed " 5368 " 

(Reclamation Service bench mark) , 5,348.439 

lYosts, in front of signboard ; top of rail 5, 446. 2 

Frosts, 69 feet south of signboard, south of road to dwelling, 12 feet 
west of ditch; iron post stamped •*5464" (Reclamation Service 

bench mark) 5, 444. 256 

Montrose, 4.96 miles northwest of, 45 feet east of railroad at cross- 
ing, north of road, in line with railroad fence, 1,860 feet north of 
schoolhouse; iron i)ost stami>ed "5592" (Reclamation Service 
bench mark) ^ 5,574.521 

M0KTB08E aUADBAKOLE. 

Montrose alonr Denver * Bio Orande B. B. to Bidgway* 

Montrose, 2.19 miles northwest of, 1,350 feet south of mllepost 
"D-354," 300 feet south of railroad crossing, 40 feet east of 
tracks, 7 feet southeast of telegraph pole; Iron post stamped 
" 5722 " (Reclamation Service bench mark) 5, 702. 177 

Montrose, in front of station ; top of rail 5, 794. 2 

Montrose, northwest corner of Coor's building opposite station, at 
comer of sidewalk, flush with ground; iron post (Reclamation 
Service bench mark) 5, 793. 834 

Montrose, 3.17 miles south of, 50 feet southeast of cattle guard Just 
south of (.^hlef Ouray's homestead, 45 feet east of track; Iron i)08t 
stamped **5945" (Reclamation Service bench mark) 5,925.363 

Montrose, 4.70 miles south of, near brick schoolhouse, 43 feet south 
of telephone pole 2837, 1,015 feet south of mllepost " D'356," at 
road crossing, 30 feet east of track; iron post stamped "6017" 
(Reclamation Service bench mark) 5.997.021 

Uncompahgre, In front of signboard; top of rail 6, 165.9 

Uncompahgre, 55 feet southeast of comer of Fenlon's store, 4 feet 
northwest of telephone pole 2978 marked " Montrose, 8.5 miles," 
at west margin of road ; iron post stamjied " 6184 " ( Reclamation 
Service bench mark) 6, 164. 100 

Uncompahgre, 1.92 miles southeast of, In front face of southwest 
corner of foundation to Jutten's school ; aluminum tablet stamped 
" 6261 " 6, 260. 254 

Colona, in front face of northeast corner of Odd Fellows Hall ; 
aluminum tablet stamped " (»87 " 6, 386. 174 
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Feet. 

Ck)lona, in front of signboard ; top of rail 6, 391. 6 

Eldredge, in front of signboard; top of rail 6,524.7 

Eldredge, 0.53 mUe southeast of, 150 feet south of mileiwst " D-368," 
40 feet west of track, In top of hirge granite bowlder ; aluminum 

tablet stamped " 6554 " 6, 553. 301 

Eldredge, 3.14 miles southeast of, 1,875 feet north of mllepost 
" D-371,'* in foundation of water tank ; aluminum tablet stamped 

" 6677 " 6. 676. 815 

Ridgway, 2.77 miles north of 105 feet south of north end of switch, 
40 feet west of sidetrack, in top of 3 by 2.5 by 2.5 foot stone pier : 

aluminum tablet stamped " 6910 " 6, 910. 282 

Ridgway, in front of station ; top of rail 6. 985.3 

Ridgway, 17 feet southeast of station; iron post marked "6990 

OURAY " 6, 986. 543 

PRIMARY LEVELING. 

Denyer, Greeley, Loveland, and Hlwot quadrangles. 

ABAPAHOE, BOULDEB, AND WELD COUNTIES. 

The elevations in the following list are based on the elevation of 
the top of the lower pedestal at the southeast comer of the steps of 
the Colorado State capitol, at Denver. The point is marked by the 
letters " U.S.B.M." cut in the top of a granite block. The elevation 
is obtained from the Coast and Geodetic Survey transcontinental line 
of leveling, and is now accepted as 5,278.255 feet, according to ap- 
proximate adjustment in 1911. 

Leveling was done in all four quadrangles in 1897 by Thomas Win- 
sor, and in 1899 by E. W. Glafcke and A. E. Franklin. Additional 
work was done in the Loveland and Niwot quadrangles in 1902 by 
F. M. Taylor. 

DENTEB aUADRAHOLE. 
Banoh marki eitablithed at Denver. 

Note. — The first five elevations result directly from precise level- 
ing of the Coast and Geodetic Survey, as described in their report 
for 1903, Appendix No. 3. The tablets were set by the United 
States Geological Survey. 

Denver,' east front of State capitol ; lower pedestal, southeast comer Feet, 

of steps ; " U. S. B. M." cut on top of granite block 6, 278. 255 

Denver, southeast comer of State capitol grounds, azimuth station 
near steps, in top of stone post; aluminum tablet stamped 
" 5275 DENVER " 5, 27a 095 

Denver, in steps at northeast comer of State capitol grounds; 
bronze tablet (also used as azimuth mark), stamped "5275 
DENVER" 5,277.285 

Denver, chamber of commerce building, in granite block directly 
above comer stone, 4.5 feet above sidewalk; bronze tablet 
stamped " 5224 " 5, 222. 752 
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Denver, east front of union station, north side of main entrance, Feet. 

2 feet above pavement ; bronze tablet stamped " 5184 DENVER "_ 5, 186. 598 

Denver, east front of union station ; cross In floor of main entrance, 
city datum 5, 184. 57 

Denver, South Broadway, southwest of Colorado & Southern Ry. 
track, 4 feet north of electric pole of Denver Tramway CJo. ; Iron 
post stamped "5258 DENVER" 5,260.573 

T. 4 S., R. 67 W., sec. 1, 500 feet northwest of Glendale dairy, 3 
feet west of a comer stone, &f fence comer on southwest side of 
Cherry Creek road ; iron post stamped " 5359 DENVER " 5, 361. 507 

Denver north alon^ Union Paciilc R. R. to Brifhton. 

Note. — ^The bench marks on this line were set by the United 
States Geological Survey, but the elevations are those determined 
by the line afterwards run by the Coast and Geodetic Survey. 

T. 3 S., R. 67 W., sec. 6, Hotel Model, 18 feet northwest of track, 
on north side of highway ; iron post stamped " 5131 DENVER "_ 5, 133. 437 

Hazeltine, 1.2 miles southwest of, sec. 16, T. 2 S., R. 67 W., 41 feet 
northwest of track, on north side of highway, 200 yards north 
of mileboard 10; iron post stami)ed "5090 DENVER" 5,093.67 

Henderson, 0.5 mile northwest of, sec.. 35. T. 1 S., R. 67 W., 196 
feet northwest of main track, on north side of highway ; iron post 
stamped "5034 DENVER'" 5,035.799 

T. 1 S., R. 67 W., sec. 13, schoolhouse 10, Arapahoe County, 23 feet 
west of track, on north side of highway, 22 miles south of Greeley ; 
iron post stamped "5005 DENVER" 5,007.708 

Brighton, 1 mile north of, 24 feet west of track, on south side of 
highway known as "base-line road"; iron post stamped "4966 
DENVER " 4, 967. 622 

Denver alonr Union Paciflc R. B. via Magnolia to Watkina . 

Note. — These bench marks were set by the Geological Survey, but 
all except the second one have been touched upon by precise levels 
of the Coast and Geodetic Survey, and the elevations given here- 
with are the same as determined by that survey. 

Denver, 6.4 miles east of, 0.2 mile south of Sand Creek slaughter- 
house, 14 feet south of main track ; Iron post stamped " 5275 
DENVER " 5, 277. 737 

T. 2 S., R. 67 W., 41 feet northwest of southeast comer of sec. 33, 
1.7 miles east of the intersection of south township line with 
Chicago, Burlington & Qulncy R. R. ; Iron post stamped " 5182 
DENVER " 5, 184. 604 

Magnolia, 0.2 mile east of, sec. 25, T. 3 S., R. 67 W., 40 feet north 
of track ; iron post stamped " 5333 DENVER " 5, 335. 680 

T. 3 S., R. 66 W., 0.2 mile south of Grippen's ranch, 100 feet north 
of track; iron post stamped " &iOO DENVER" 5,402.583 

T. 3 S., R. 66 W., sec. 36, 1.1 miles southeast of Behren's ranch, 50 
feet south of track, 60 feet east of bridge 803 ; iron post stamped 
" 5484 DENVER " 5, 486. 712 

Watkins, 0.2 mile east of. sec. 36. T. 3 S., R. 65 W., 180 feet north 
of track ; iron post stamped " 5513 DENVER " 5, 515. 503 
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WatUni north to mc. 86, T. 1 8., B. 65 W. 

1'. 2 S., R. 65 W'., 9 feet north and 3 feet east of southwest corner Feet, 

of 8ec\ 36 ; Iron i)08t HtampiHl '* 5399 DENVKR " 5, 401. 409 

T. 2 S., R. 64 W., northwest corner of sec. 30, 0.5 mile north of 
Creutz's ranch, 42 feet southeast of intersection of forks of roads ; 
iron post stami)ed "5279 DENVER*' 5,281.419 

T. 1 S., R. 65 W., 27 feet north of southwest corner of sec. 36, 1.3 
miles northwest of Wellenltotter's ranch; iron i)ost stamped 
" 5206 DENVER " 5, 208. 205 

Denver along Chieaf o, Bnrlington * Quincy B. B. to Erie. 

Denver, 3.5 miles north of. 200 yards southeast of Utah Junction, 
sec. 15, T. 3 S., R. OS W., 64 feet west of track; iron i)ost stami)ed 
** 5219 DENVER " 5, 221. 552 

Harris, 0.2 mile south of, sec. 0, T. 3 S., R. 68 W., 38 feet southwest 

of Union Pacific R. R. : iron iwst stami)ed " 5293 DENVER " 5, 295. 494 

Semi)er, 0.2 mile north of, 22 feet east of Union Pacific R. R. track, 
350 feet west of Semi>er schoolhouse, on north side of public high- 
way; iron iMjst stami»ed "5438 DENVER" 5,440.430 

Churches, sec. 11, T. 2 S., R. 69 W., 31 feet southeast of Union 
Pacific R. R., on east side of public highway; iron post stami)ed 
" 5331 DENVER '* 5, 333. 427 

Burns Junction, 0.2 mile northwest of, sec. 34, T. 1 S., R. 69 W., 
82 feet north**ast of track, north side of public highway ; iron i>ost 
stamped "5413 DENVER" 5,415.451 

Clarkston, sec. 23, T. 1 S., R. 6J) W., 32 feet east of main track, 
north side of public highway, 700 feet east of northwest comer 
of section; iron post stami)ed "5214 DENVER" 5,216.339 

Golden to Denver Edgewater.^ 

Golden, entrance to the Woods-Rubpy National Bank, top of stone 

stei)s; aluminum tablet stamped "5675 DENVER" 5,674.709 

Gear farmhouse, 180 feet east of gate, 50 feet northeast of wagon 
bridge across R(X'ky Mountain Irrigating ditch, 15 feet north of 
road; iron i)ost stamped "5560 DENVER" 5,559.880 

Kirk's farmhouse, 90 feet east of gate, northwest comer of cross- 
roads: iron post stamped "5575 DENVER" 5,574.765 

Denver Mgewater, southwest comer of Highland Avenue and 
Sheridan Boulevard, in foundation southeast corner of Edge- 
water grocery; aluminum tablet stami)ed "5353 DENVER" 5, .353. 373 

Oolden via Coal Creek to summit of Dory Hill divide. 

Golden Pressed Brick (^Jo.'s plant, 1.8 miles north of, at road fork, 
west side of road, in top of granite bowlder; aluminum tablet 
stamiml *'5932 DENVF^R" 5,931.507 

Mesa betwt»en Ralston and Lyden creeks, 0.8 mile north of Ralston 
Creek bridge. 20 feet west of Golden-Coal Creek road, in top of 
sandstone ledge; aluminum tablet 8tami)ed "6008 DENVER "___ 6,007.321 

^The error distributed In this line is excessive. 
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OBEELET aUADBANGLE. 
Brighton north along Union Pacific B. B. to Greeley. 

T. 1 N., R. 66 W., sec. 17, 200 yards west of Bryan's ranch, 40 fe(4 
west of track, on nortb side of public highway ; Iron post stamped Feet. 

" 4936 DENVER " 4, 937. 593 

Fort I^upton, northeast corner of schoolhoiise gi'ouuds, sec. 5, T. 1 
N., R. 66 W., 190 feet west of track; iron post stami)ed "4904 
DENVER " 4, 905. 567 

T. 2 N., R. 66 W., sec. 20, 0.2 mile east of Knowlton's ranch, 26 
feet west of track, on south side of i)ublic highway; iron post 
stamped "4869 DENVER" 4,870.517 

T. 2 N., R. 66 W., sec. 6, 0.2 mile west of Cheese's ranch, 31 feet 
west of track, on south side of public highway, 300 feet east of 
main road between Plattevllle and Fort Lupton, 60 feet south of 
mileboard 32; iron iK)St stamped * 4837 DENVER ' 4.838.423 

Platteville, 0.5 mile south of, sec. 19, T. 3 N., R. 66 W., 30 feet 

west of track; iron post stampeil "4819 DENVER" 4,820.400 

T. 3 N., R. 66 W., sec. 6, 0.2 mile south of Moehrle's ranch, 36 feet 
west of track, north side of i)ublic highway, 2.2 miles north of 
Plattevllle; iron post stamped "4795 DENVER" 4,796.350 

T. 4 N., R. 66 W., 0.2 mile east of northwest corner of sec. 23, 0.2 
mile northeast of Lucerne's ranch, 20 feet west of track, south 
side of public highway ; iron post stami)ed " 4724 DEN^'ER " 4, 725. 367 

La Salle, 0.8 mile north of, sec. 32, T. 5 N., R. 65 W., 60 feet w<^st 
of track, 200 feet south of old Pikes Peak road ; iron post stamped 
" 4650 DENVER " 4, 651. 355 

Greeley, 9 feet north of south line of Tenth Street, 17 feet west of 
most westerly track, 12 feet south of warning signpost; iron post 
stamiied "4651 DENVER" 4,652.291 

Bee. 86, T. 1 S., B. 65 W. north to lee. 28, T. 5 N., B. 65 W. 

T. 1 N., R. 65 W., at quarter comer on south side of sec. 35, 2(X) 
yards north of Mooney's ranch, 27 feet north of forks of roads; 
Iron i)ost stamped "5098 DENVER" 5,099.907 

T. 2 N., R. 65 W., sec. 36, 53 feet northwest of Chicago, Burlington 
& Quincy R. R. track, 106 feet southwest of face of west abutment 
of bridge across Boxelder Cre€»k, 2.6 miles northeast of Hudson 
station; iron ix)st stamped "4918 DENVER" 4,920.035 

Boxelder Creek, 200 yards west of, 200 yards south of Oster's 
ranch, 36 feet southwest of intersecting crossroads; iron i>ost 
stamped '*4851 DENVER" 4,852.770 

T. 3 N., R. 65 W., sec. 36, 0.8 mile south of school 41, Weld County, 
36 feet west of east range line; iron post stami)ed "4817 DEN- 
VER " 4, 818. 884 

T. 3 N., R. 64 W., southeiist comer of sec. 18, 44 feet southwest of an 
old well, 3 feet east of fence comer; iron post stamped "4807 
DENVER " : 4, 808. 713 

T. 3 N., R. 65 W., northwest comer of sec. 1, 14 feet south and 3 
feet east of fence; iron post stamped "4817 DENVER" 4,818.677 

T. 4 N., R. 65 W., 50 feet north of crossroads at southwest corner 
of sec. 14, 320 feet east of schoolhouse 5; iron post stamped 
" 4693 DENVER " 4, 694. 590 
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T. 5 N., li. 65 \V.» southeast corner of sec. 28, 0.5 mile north of 
Luper's ranch, 38 feet northwest of forks of road; iron post Feet, 

stamped " 4656 DENVER '' 4, 657. 470 

At Lafayette. 

Lafayette, 0.2 mile north of station, sec. 35, T. 1 N., R. 60 W., 20 
feet east of track, north side of public highway known as Base 
Line road; iron post 8tami»ed *-5174 DENVER" 5,176,382 

St. Vrain along Union Paciflc B. B. to Dry Creek. 

St. Vrain, 800 feet west of, 35 feet northeast of intersection of 
Union Pacific R. R. with wagon road; iron post stamped •*5119 
DENVER " 5,118.246 

Dick, about 850 feet west of, 42 feet northeast of intersection of 
Union Pacific R. R. with wagon road; iron post stamped "5130 
DENVER " 5. 129. 104 

Dry Creek, 1 mile east of, 53 feet south of Union Pacific R'. R., near 
wagon road ; iron post stamped '* 5046 DENVER " 5, 044. 119 

Erie via public roadi north to Windsor. 

T. 2 N.. R. (is W., 4 feet north of southeast comer of sec. 33, 1 mile 
north of White House coal mine, 30 feet north of forks of roads; 
iron post stamped " 5015 DENVER ** 5, 014. im 

Rinn, 0.5 mile south of post office, southeast corner of sec 15, T. 2 
N., R. 68 W., 45 feet northeast of crossroads; iron post stamped 
" 4882 DENVER " 4, 881. 114 

T. 2 N., R. 67 W., southwest comer of sec. 18, 0.8 mile northwest 
of Ely coal mine, 60 feet east of fence corner ; iron post stamped 
" 4913 DENVER " 4, 912. Ill 

Scott's ranch, 100 yards south of. northwest comer of sec. 6, T. 2 N., 
R. 67 W., 45 feet southeast of intersection of crossroads; iron 
post stamped *'4814 DENVER" 4.813.096 

T. 3 N., R. 67 W., northeast comer of sec. 19, 125 feet east of school 
28, Weld County, 30 feet southeast of forks of road; iron post 
stami)ed "4881 DENVER" 4,880.044 

T. 3 N.. R. 68 W., southeast corner of sec. 10, 1 mile southeast of 
Archer's ranch, 44 feet northwest of intersection of roads; iron 
post stami)ed "4040 DENVER" 4,947.991 

T. 3 N., R. 68 W., at northeast corner of sec. 3, 0.2 mile north of 
Woodley's ranch, 44 feet southeast of intersection of crossroads; 
iron post stampe<l *'.5086 DENVER" 5,084.934 

T. 3 N., R. 67 W., northeast c(»rner of sec. 6, 1 mile south of Hills 
Lake, 45 feet southeast of intersection of crossroads; iron post 
stamped "4020 DENVER" 4,927.826 

T. 4 N., R. 67 W., northeast corner of sec. 10. 200 feet east of Davis's 
ranch, 50 feet southeast of intersection of crossroads; iron post 
stamped "4835 DENVER" 4,833.895 

T. 4 N., R. 68 W., northwest comer of sec. 22, 1 mile south of Sunny- 
side schoolhouse. district 36, Weld County. 45 feet southeast of 
intersection of crossroads ; iron post stamped " 4904 DENVER "_ 4, 902. 779 

T. 4 N., R. 68 W., northwest corner of sec. 3, 0.5 mile west of Twin 
Mound schoolhouse, district 38, Weld County, 35 feet southwest 
of forks of road; iron post stamped ''5101 DENVER" 5,099.666 
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T. 4 N., R. 67 W., northeast corner of sec. ($, 0.8 mile north of Dilly 
Chapel 45 feet southeast of forks of road; Iron post stamped Feet. 

"4887 DENVER*^ 4,885.728 

T. 5 N., R. 67 W., northwest corner of Sec. 19, 0.8 mile south of 
Dells ranch, 45 feet southeast of Intersection of forks of roads; 
iron post stamped "4878 DENVER " 4, 876.642 

T. 5 N., R 68 W., southeast comer of sec 10, 200 feet west of Spear's 
ranch, on northeast side of public highway, 30 feet west of fence 
corner; iron i)ost stamped •*4947 DENVER" 4,945.674 

T. 5 N., R. 68 W., sec. 3, 1.2 miles north of Boyd Lake, 30 feet 
south of fence corner; iron i)ost stamped "5015 DENVER" 5,013.638 

T. 5 N., R. 67 \V., northeast corner of sec. 5, 1 mile north of school- 
house 22, Weld County, 106 feet southeast of stone; iron post 
stamped " 4921 DENVER " 4, 919. 539 

New Windsor, 500 feet east of station, T. 6 N., R. 67 W., 35 feet 
southwest of Colorado & Southern Ry. track, on north side of 
public highway; iron i)ost stamped <*4795 DENVER" 4,793.565 

Windsor to Oreeley. 

T. 6 N., R. 67 W., sec. 25, 0.2 mile west of Rawlinson's ranch, 27 
feet south of Colorado & Southern Ry. track, on east side of 
public highway; Iron post stamped "4748 DENVER" 4,746.527 

Farmers, 500 feet west of, T. 6 N., R. 66 W., 46 feet southwest of 
Colorado & Southern Ry. track, south side of public road; Iron 
post stamped " 4712 DENVER " 4, 710. 526 

Boyds, 500 feet southeast of, southeast comer of sec- 35, T. 6 N., 
R. 66 W., 100 feet northwest of Intersection of crossroads, 250 
feet south of Union Pacific R. R. ; iron i>o8t stamped " 4672 
DENVER " 4, 670. 578 

Greeley, east front of Weld County courthouse, on north side of 
main entrance, on stone coping; bronze tablet stamped "4464 
DENVER " 4, 662. 547 

Fanners south and east to Union Paciflc B. B. 

T. 5 N., R. 66 W., sec. 3, 0.5 mile north of Haymaker's ranch, 5 feet 
west of fence corner, at forks of roads; iron i>ost stamped "4836 
DENVER " 4, 834. 537 

T. 5 N., R. 66 W., quarter comer on south side of sec. 21, 150 feet 
north of schoolhouse, district 24, Weld County, 50 feet northwest 
of Intersection of crossroads ; iron i)ost 8tami)ed " 4830 DEN- 
VER " • 4, 828. 496 

T. 4 N., R. 66 W., sec. 2, 0.2 mile south of Dunbar's ranch, 30 feet 
north of forks of roads ; Iron post stamped " 4675 DENVER " 4, 673. 609 

Oreeley via Lucerne and Kersey to Greeley. 

T. 6 K, R. 66 W., quarter comer on west side of sec. 29, 200 feet 
southwest of Henry's ranch house ; iron i)ost stamped " 4718 DEN- 
VER " 4. 716. 067 

Lucerne, southwest comer of sec. 17, T. 6 N., R. 65 W., sixth prin- 
cipal meridian, in brick church. In stone foundation of west wall : 
aluminum tablet stamped "4749 DENVER." (Elevation by Coast 
and Geodetic Survey) 4,746.575 
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T. 6 N., R. 65 W., southwest corner of sec. 13, 150 feet south of Hil- 
ton's ranch house, at base of northeast fence post; Iron post Feet, 
stamped "4700 DENVER" 4,61)8.3(56 

T. 6 N., R. 64 W., northeast comer of sec. 20, 7 miles east of 

Lucerne; iron post stamped "4784 DENVER'' 4,782.331 

T. 5 N., R. 64 W., quarter comer on east side of sec. 5, at base of 
southwest fence post ; iron post stamped *' 4628 DENVER " 4, 625. Sa*} 

T. 5 N., R. 64 W., southeast comer of sec. 17, 0.5 mile north of Ker- 
sey, at base of northwest fence ix)st; iron post stamped "4616 
DENVER " 4, 613. 896 

Greeley, 2.8 miles east of, 0.8 mile east of cemetery, 25 feet north of 
road to Kersey; iron post stamped "4643 DENVER" 4,641.213 

Kertey to lec. 18, T. 8 H., &. 66 W. 

T. 4 N., R. 64 W., 7 miles south of Kersey, 5 miles north of J. P. 
King's ranch, 8 feet west of road; iron post stami)ed "4642 DEN- 
VER " 4, 639. 893 

T. 4 N., R. 64 W., J. P. King's ranch, 25 feet north of fence, west of 

road, on big flat ; iron post 8tami)ed " 4682 DENVER " 4. 68t). 090 

T. 3 N., R. 64 W., northwest comer of sec. 10, southeast comer of 
fence around J. P. King's house ; iron i)ost stami)ed " 4730 DEN- 
VER ' 4, 727. 990 

J. P. King's ranch, 4 miles north of, north side of fence, 4 feet east 

of gate ; iron post stamped " 4906 DENVER " 4, 904. 876 

T. 2 N., R. 64 W., north edge of, 0.2 mile north of Herman I^ewis's 

ranch, at forks of road ; iron post stami)ed " 4880 DENVER " 4, 878. 166 

Bozalder Creek to T. 1 H., B. 64 W., lizth principal meridian. 

Boxelder Creek, 2.4 miles east of, 92 feet north of Chicago, Burling- 
ton & Quincy R. R., at northeast corner of right of way fence; 
iron post stamped "4984 DENVER" 4,983.018 

Early ranch, 0.8 mile southeast of, just north of fence running west 
and 450 feet west of the southeast comer of fence around pasture; 
iron post stamped " 4978 DENVER " 4, 977. 305 

Early ranch, 3 miles southeast of, on northeast 8loi)e of divide, 300 
yards southeast of gulch; iron iK)st stami)e<l "5083 DENVER"— 5,081.846 

NIWOT aUAD&AHOLE. 
At MitcheU. 

Mitchell. 0.5 mile south of, sec. 30, T. 1 N., R. 68 W., 6 feet north of 
a telegi*aph pole near the edge of wagon road; iron i)ost stamped 
" 5084 DENVER ' 5, 086. 290 

Point near Erie. 

Erie, 1 mile northeast of, sec. 7. T. 1 N., R. G8 W., 35 feet north of 
Union Pacific R. R. track. opiK)8ite where wagon road leads south- 
east to Boulder Valley coal mine; iron post stami)ed "5076 
DENVER " 5, 075. 197 

Point near Berthoud along Colorado & Southern By. to Longmont. 

Longmont, 3.5 miles north of, 0.2 mile north of Garret Clawson's 
farm, northwest corner, at crossing of highways; iron i)ost 
stamped "5126 DEN VEU " 5,124.121 



Digitized by VjOOQ IC 



PRIMARY LEVELING. 29 

Longmont, 1 mile north of, 15 feet west of southwest corner of sec. 

35. T. 3 N., R. 69 W., 200 yards north of cemetery; iron post Feet. 

stamped "5006 DENVER" 5,004.193 

Longmont, T. 2 N., R. 69 W., sec. 2, in northeast corner of city hall ; 

aluminum tablet stamped " 4980 DENVER " 4, 978. 259 

Longmont along Colorado k Southern By. via Boulder to Erie. 

T 2 N., R. 69 W., sec. 20, 250 yards south of Willlamsen*s farm, 
northeast comer of road crossing, cattle guard 15 feet east of 
center of tracks; iron iwst stamped " 5034 DENVER " 5, a32. 948 

Niwot, 150 feet west of station, 200 yards east of Niwot Hall, south- 
west of highway ; iron r)ost slamiied " 5096 DENVER " 5, 094. 348 

T. 2 N., R 70 W., 30 feet southwest of northeast corner of sec. 33, 
0.5 mile south of Haystack Mountain, at southwest comer of 
crossroads; iron post stami)ed " 5242 DENVER " 5, 240. 273 

T. 1 N., R. 70 W., sec. 9, 0.8 mile southwest of Beasley's reservoir, 
west side of highway, in front of Josinas farmhouse; iron post 
stamped " 5236 DENVER " 5. 234. 535 

T. 1 N., R. 69 W., sec. 19, 0.33 mile west of Lewis's farm, at right 
angle, north side of highway, at fence ; iron i)ost stamped ** 5103 
DENVER " 5, 101. 588 

Canfleld, 100 yards west of station, 100 feet north of railroad tracks, 
at fence comer ; iron post stamped " 5047 DENVER " 5, 045. 551 

Erie, northeast corner of Wells and Pierce streets, southwest front 
comer of Richards's brick block ; aluminum tablet stamped " 5018 
DENVER " 5, 016. 788 

Lyoni via Hygiene to Longmont. 

Lyons, 3 miles east of, south side of road, opposite house of Ellas 
Whaley, beside telephone pole ; iron post stamped " 5207 DENV ". 5, 205. 395 

Longmont, 3 miles west of, north side of road, at comer of yard 
fence, in front of Mr. Hill's house; iron post stamped "5091 
DBN'V " 5, 089. 442 

LOVELAND ailADBANOLE. 
Kew Windier to Loveland. 

T. 6 N., R. 68 W., 250 yards east of bridge over Cache la Poudre 

Creek on north side of road ; iron post stamped *' 4800 DENVER "_ 4, 798. 102 

T. 6 N., R. 69 W., sec. 14, 0.2 mile northwest of Benson's Lake, 
100 yards south of C. S. Bate's farmhouse, on west side of road 
between Loveland and Fort Collins ; iron post stamped ** 5040 
DENVER " 5, 038. 214 

T. 6 N.. R. 69 W., 10 feet south of north line of sec. 32, 0.5 mile west 
of Proctor schoolhouse, 20 feet east from center of Colorado & 
Southern Ry. tracks south side of highway; iron post stamped 
" 5057 DENVER " 5, 055. 114 

Loveland, 2 miles north of, 10 feet north of south line of sec. 2, T. 5 
N., R. 69 W., 40 feet east of center of Colorado & Southern Ry. 
track, north side of crossing ; iron post stamped " 5022 DENVER "_ 5, 020. 084 

Loveland via Ck)lorado k Southern By. to Berthoud. 

T. 5 N., R. 69 W., 2 miles south of Loveland, at road crossing, 20 feet 
east of center of tracks, on north side of public highway; iron 
post stamped "5050 DENVER" 5,048.335 
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Berthoud, 1.5 miles uortheast of, sec. 11, T. 4 N., R. 69 W., 150 feet 
southeast of Munson's farmhouse, west side of highway, 0.5 mile Feet- 
east of railroad; iron post stamped *'5082 DENVER" 5,080.085 

Berthoud. sec. 14, T. 4 N., R. 69 W., northwest comer of Mount 
Avenue and Third Street, northeast corner of bank building; 
aluminum tablet stamped "5030 DENVER" 5,028.867 

Berthoud. 2 miles south of, 0.5 mile northwest of Frankie's reser- 
voir, at road crossing, 30 feet east of center of tracks, north side 
of highway ; iron post stamiied " 5060 DENVER " __. 5, 05a 173 

Benoh marki eit&blished near Arkins. 

Arklns. 0.8 mile south of, T. 6 N., R. 70 W., junction of roads at 

railroad crossing; iron post stamped "7249 DENV " 5,247.210 

Arkins, 3.5 miles southwest of, 1 mile south of Big Thompson 
Canyon. 10 feet west of road, in rock; aluminum tablet stamped 
" 5352 DENV " 5, 350. 723 

T. 5 N., R. 70 W., SW. i NW. i sec. 9, Goodwins cabin. 2 feet south 
of road, 0.2 mile west of bridge 40, in flat rock ; aluminum tablet 
stamped "5535 DENV" 5,534.050 

Bench mark establiihed near Maionville. 

Masonville, 0.5 mile south of, sec. 15, T. 6 N., R. 70 W., 150 feet 
south of schoolhouse 51 ; bronze tablet stamped " 5317 DENV "__ 5. 315. 207 

Point near Pinewood eait alone road to Loveland. 

Loveland, 9 miles west of, sec. 27, T. 5 N., R. 70 W., 1,000 feet 
east of base of Bald Mountain, beside telephone i>ole at side of 
road; iron post stami)ed "5440 DENV" 5,438.457 

Loveland, 6 miles west of. sec. 23, T. 5 N., R. 70 W., junction of 

roads; Iron post stamped "5242 DENV" 5,239. 842 

lioveland, 3 miles west of, sec. 20, T. 5 N., R. 69 W., between lakes, 

small summit in road ; iron post stamped " 5104 DENV " 5, 102. 293 

Holand north along Chimney Hollow trail to Dry Creek. 

Noland, 3 miles north of, sec. 16, T. 4 N., R. 70 W., 50 feet west 
of trail, near (ioforth's homestead. In top of rock cliff; bronze 
tablet stamped "5.596 DENV" 5,594.896 

Noland, 6 miles north of, sec. 4, T. 4 N., R 70 \V., on Reed's ranch, 
500 feet southeast of house, in top of rock, west side of trail; 
bronze tablet stamped "5769 DENV" 5,767.156 

Blaokhawk, Boulder, Central City, and Qeorgetown quadrangles. 
BOULDEB, CLEAB CBEEK, AND GILPIN COrNTIES. 

The elevations in the following list are based on the elevation of 
the top of the lower pedestal at the southeast corner of the steps of 
the Colorado State capitol at Denver. The point is marked by the 
letters " U. S. B. M.," cut in the top of a granite block, and its eleva- 
tion, obtained from the Coast and Geodetic Survey transcontinental 
line of levels, is accepted as 5,278.255 feet by the preliminary adjust- 
ment of 1911. 
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The leveling was done in 1902 and 1903 by F. M. Taylor and in 
1904 by J. C. Fitterer. 

BOTTLDEB aVADBANOLE. 
Boulder yla stage road up Boulder Greek to Ooohran'i mill. 

Boulder, 20 feet west of main entrance to courthouse; aluminum Fe«t. 

tablet stamped "5351 DENVER" 5,349.154 

Oredel, east end of north abutment of bridge over Boulder Creek, 

in capstone; bronze tablet stamped ** 5732 DENVER " 5, 729. 922 

Cobum mill, at forks of road, between mill and house, in rock ledge; 

aluminum tablet stamped "0036 DENVER*' 6,034.498 

Cochran's mill, 0.5 mile west of, south side of bridge over Boulder 

Creek, in top of shelf of road; aluminum tablet stamped ** 6,541 

Denver " 6, 540. 075 

Boulder tU SaUna to Gold HiU. 

Boulder Springs, sec. 2, T. 1 N., R. 71 W., north side of road, 50 
feet south of confectionery factory, in face of rock ; bronze tablet 
stamped "6261 DENV." 6,258.907 

Sallna, sec. 17, T. 1 N., R. 71 W., south side of railroad track oppo- 
site station. In rock cliff ; aluminum tablet stamiied " 8571 DENV ". 6, 568. 719 

T. 1 N., R. 72 W., sec. 11, front face of (Jold IIlll schoolhouse, 
southeast comer of foundation ; bronze tablet stamiied " S297 
DENV." A 8, 295. 516 

Cliipmunk Oulch alonr road north to St. Yrain Greek, thence alonr creek road 

to Lyoni. 

Ward, 1 mile north of, 200 feet south of San Bias mill, in top of 
rock, east side of road; bronze tablet stamped "8901 DENV."__. 8,80«.789 

Ward, 4 miles north of, between new house and old log stable, 1,000 
feet north of Junction of roads to Allen Park and Gresham, In 
large bowlder; bronze tablet stauii>ed " 8573 DENV " 8, 571. 637 

Ward, 8 miles north of, south side of road on summit 100 feet south 
of Miller Rock, In shelf of rock; bronze tablet stamped "8633 
DENV " 8, 630. 75 

Raymond's ranch, 2 miles east of, north side of road, 50 feet west 
of bridge across stream, In top of large bowlder; bronze tablet 
stamped "7449 DENV.'* 7,447.411 

Lyons, 11 miles west of, north side of road, at Junction of Middle 
and South St. Vraln creeks, at Sam Parish's place, In rock; 
bronze tablet stamped "6992 DENV" 6,990.113 

Lyons, 9 miles west of, north side of road, 20 feet south of stable at 
Bummersvllle, in top of rock; bronze tablet stamped "6601 
DENV." 6.599.346 

Lyons, 6 miles west of, south side of road, 3 miles east of Bummers- 
vlUe, in top of large rock ; bronze tablet stamped " 5786 DENV.". 5, 784. 425 

Lyons, 2.5 miles west of, south side of road, 1,000 feet west of toll- 
gate, in face of rock ledge ; bronze tablet stamped " 5493 DENV.". 5, 491. 096 

Lyons, sec. 18, T. 3 N., R. 70 W., In southeast comer of face of town 
haU; aluminum tablet stamped "5375 DBJSV." 5,373.281 
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Lyoni northwest on Eitet Park stage road. 

Lyons, 3 miles northwest of. NE. i sec. 11, T. 3 N., R. 71 W., 
north side of road, opposite slab ice house; iron post stamped Feet. 

"5580 DENV." 5,578.085 

BLACKHAWK aUADRAHGLE. 

Bench marks eatabllBhed near Eureka. 

Eureka, 1 mile west of, on small summit near pine tree, north side 
of road, in ** Narrows," In top of rock ; bronze tablet stamped 
"7347 DENVER" 7.345.943 

Nederland, 3.5 miles east of, 30 feet west of bridge over creek, 
in " Castle Rock " ; aluminum tablet stamped " 7777 DENVER "_ 7, 776. 077 

Hederland via Oiggey'i ranch and Gregory Canyon to Boulder. 

Pine Glade schoolhouse, 100 feet west of. In top of rock ; aluminum 

tablet stamped "8553 DENVER" 8,551.715 

Pine Glade schoolhouse, 3 miles east of, 300 feet west of old stable, 
south side of road, in top of rock; aluminum tablet stamped 
" 7801 DENVER " 7, 800. 395 

Summit of ridge between Skates ranch and Gregory Canyon, north 
side of road, in top of rock ; aluminum tablet stamped. " 7954 
DENVER " , T, 953. 747 

Summit, 1 mile west of stone house, north side of road. In top of 
rock; bronze tablet stamped "8002 DENVER" 8,000.332 

Boulder, 1.2 miles southwest of. south side of road, 30 feet west of 
stream crossing, at mouth of Gregory Canyon, In top of bowlder ; 
aluminum tablet stamped "5696 DENVER" 5,695.209 

Blackhawk via BoUinsTiUe to Kederland. 

Blackhawk, Colorado & Southern Ry. station, south wall between 
window and door of office, in face of rock; aluminum tablet 
stamped "8041 DENVER" 8,041.045 

Blackhawk, 3 miles north of, 100 feet south of Junction of roads 
leading to Rolllnsville. (iolden, and Summit, in top of rock ; 
aluminum tablet stamped "9269 DENVER" 9,268.578 

Blackhawk, 6 miles north of, east side of road, 600 feet north of 
summit at turn in road to west, in top of bowlder; aluminum 
tablet stamped "9181 DENVER" 9,181.184 

Rolllnsville, 2.5 miles south of, 100 feet north of summit, 40 feet 
east of road, at turn west of Gilpin post office, in top of flat rock ; 
aluminum tablet stamped "9019 DENVER" 9,020.2^4 

RoUinsville, 50 feet back of post office. In top of large bowlder; 

aluminum tablet stamped "8443 DENVER" 8,443.252 

Head of Lake Gulch to Justice mine. 

Justice mine, 290 feet west of shaft house, in top of ledge, north side 
of road; aluminum tablet stamped "8721 DENVER" 8,720.482 
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Bnminlt of Dory Hill dlylde, 8 mllet north of Blaokhawk, tU Golden to 

DenTor.^ 

Krlley's ranch house, 0.2 mile west of, 130 feet north of road. In 
stone ledge, 3 feet above ground; aluminum tablet stamped Feet. 
" 8420 DENVER " 8, 419. 549 

Junction Hill, summit of, 25 feet north of road, in top of stone 
ledge at surface of ground; aluminum tablet stamped "8740 
DENVER " 8, 739. 746 

Guy Hill, summit of divide, in top of granite bowlder, 10 feet north 
of road, 3 feet above ground; aluminum tablet stamped 
" 7751 DENVER " 7, 750. 816 

Tucker and Crawford gulches, forks of, 35 feet north of wagon road, 
4 feet above ground, in top of granite ledge; aluminum tablet 
stamped **6907 DENVER" 6,906.787 

Tucker and Half Mile gulches, 275 feet west of forks of,. 10 feet 
south of road, in north side of large granite bowlder; alu^linum 
tablet stamped " 6219 DENVER." 6, 218. 716 

Coal Creek west along highways to Gilpin. 

Coal Creek, Denver, Northwestern & Pacific Ry. bridge across, in 
top of west concrete pier, south side of road, 6 feet above ground ; 
aluminum tablet stamped "6599 DENVER" 6,598.343 

Coal Creek, 3 miles from mouth of canyon, west side of road, 3 feet 
above ground, in top of large granite bowlder; aluminum tablet 
stamped "7330 DENVER" 7,329.203 

Beaver Creek, 0.2 mile southwest of Bengson's ranch house, in top of 
large granite bowlder, east side of road; aluminum tablet 
stamped "7751 DENVER" 7,750.326 

Beaver Hill, near summit of, 10 feet east of old road, in top of 
granite ledge; aluminum tablet stami)ed "8807 DENVER" 8,806.194 

Belcher's ranch, 1 mile east of, 45 feet north of road, 1 foot above 
ground, in top of granite ledge; aluminum tablet stamped 
" 9113 DENVER " 9, IIL 560 

Rolllnsville, Intersection of Blackhawk, Golden, and Coal Creek 
roads, north side of road, 900 feet east of guldepost, in top of 
granite bowlder; aluminum tablet stamped **8998 DENVER "__ 8,996.900 

CENTRAL CITY aVADRANGLE. 
Nederland via Eldora, Baltimore, and Apex to Blackhawk. 

Nederland, 50 feet east of post office, in top of rock; bronze tablet 

stamped " 8237 DEN\^ER " 8, 235. 996 

Eldora, north side of road, in top of east end of large rock ; alumi- 
num tablet stamped "8643 DENVER" 8,641.380 

Peterson Lake ; surface of water, July 11, 1903 9, 244 

Baltimore, 2.5 miles north of, 50 feet west of junction of roads lead- 
ing to Eldora, Rollins Pass, and Baltimore, in rock; bronze tablet 
stamped "9330 DENVER" 9,328.814 

Baltimore, 50 feet 'east of ix)st office, on line between lots 12 and 13, 
block 1, on large flat rock ; aluminum tablet stamped " 8913 
DENVER" 8,912.548 

1 The error distributed In this line is excessive, 
97938'*— Bull. 486—11 3 
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Baltimore, 3 miles south of, 50 feet north of Intersection of roads on 
summit of mountain, 0.5 mile north of Apex, In top of pointed Feet, 

roclt; aluminum tablet stamped "10217 DENVER" 10,217.229 

Apex, 200 feet east of schoolhouse, sec. 21, T. 2 S., R. 73 W., north 
end of town, at west side of road. In roclt; aluminum tablet 
stamped " 9857 DEN\^ER " 9, 856. 750 

Apex, 2 miles south of, 50 feet west of junction of roads, 40 feet 
north of Pine Creels, in top of rock; aluminum tablet stamped 
" 9154 DENVER " 9. 154. 244 

Blackhawk, 3 miles west of, at junction of roads leading to Gilpin, 
Missouri I^ke, and Pine Creek, 200 feet east of Quartz Valley 
schoolhouse, beside telephone pole, in top of rock ; aluminum tablet 
stamped " 8514 DENVER " 8, 514. 143 

Near Nederland. 

Nederland, 2 miles south of, east side of road, 200 feet south 
of road crossing, near Beaver Creek, in top of rock; aluminum 
tablet stamped "8419 DENVER" 8,419.313 

Kingston via Alice and Idaho Springs to Dover mines. 

Kingston, south side of road, at junction of roads in village, in large 
flat rock; aluminum tablet stamped "10531 DENVER" 10,530.174 

Yankee, 1 mile east of, 30 feet north of shaft house of North Star 
mine, in top of large rock; aluminum tablet stamped "10512 
DENVER " 10, 510. 823 

Alice, 50 feet northeast of post ofllce, in top of flat rock ; aluminum 

tablet stamped "100S4 DENVER" 10,aS3. 718 

Alice, 3 miles east of, small summit 1,000 feet east of Seemann 
tunnel, north side of road, in top of rock; bronze tablet stann>od 
" 9167 DENVER " S), 166. 169 

Alice, 5.5 miles east of, junction of roads at mouth of Hamlin Gulch, 
north side of road beside mail box, in rock ; bronze tablet stamped 
" 8432 DENVER " 8, 430. 876 

Idaho Springs, 3 miles west of, at bottom of dump, 100 feet north of 
power house, at Lucania tunnel, in top of flat rock ; bronze tablet 
stamped "7818 DENVER" 7,816.414 

Dover mines, 160 feet east of wagon bridge across Fall River, 35 
feet north of road, in top of large bowlder; aluminum tablet 
stamped "7722 DENVER" 7.721.401 

Point near Idaho Springs to Central City. 

Idaho Springs, 3 miles north of, in toi) of Clear Creek-Gilpin Coun- 
ties boundary monument No. 163, at summit of ridge at head of 
Virginia Canyon ; aluminum tablet stamped " 9363 DENVER " 9, 361. 786 

Russel Gulch, in face of southeast comer of brick and stone post- 
office building; aluminum tablet stanii>ed "9105 DENVER" 0,103.837 

Nevadaville, in south face of corner stone under southeast corner of 
building; aluminum tablet stamped "t>027 DENVER" 0,025.739 

Central City, at east end of new brick schoolhouse, in large capstone 

^t entrance; aluminum tablet stamped "8422 DENVER" 8,420. 974^ 
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Idaho Sprlnrs to Empire. 

Dumont, 1 mile east of, junction of road leading up North Spring 
Gulch, at Mackay mine shaft, in rock; aluminum tablet stamped Feet. 

*' 7827 DENVER " 1 7, 825. 519 

Dumont, west end of, north side of road, 30 feet east of bridge 
over Mill Creek, in top of large rock; aluminum tablet stamped 
" 7955 DENVER " 7, 954. 051 

Lawson, 20 feet west of post office, in top of rock ; aluminum tablet 
stamped " 8143 DENVER " 8. 142. 019 

Empire, 50 feet north of Colorado & Southern Ry. station, north 
side of road, In top of rock ; aluminum tablet stamped " 8250 
DENVER " 8, 248. 617 

Empire, 5 feet north of northeast corner of brick schoolhouse, in 
rock; aluminum tablet stamped "8603 DENVER" 8,601.454 

Idaho Springs yla Virginia Canyon to Sun and Moon mine, thence by Oibion 
Onloh to Colorado 4b Southern Ry. and return to Idaho Springs. 

Idaho Springs, 1.1 miles north of, 125 feet south of junction of 
Idaho Springs, Central City, and Boomerang Gulch wagon roads, 
3 feet above ground, at east side of road, in face of rock ; alumi- 
num tablet stamped "8084 DENVER" 8,083.238 

Sun and Moon mine, 225 feet east of shaft house. In top of watch 
tower concrete pier; aluminum tablet stamped "9291 DEN- 
VER " 9, 289. 805 

Summit mine, 50 feet southwest of shaft house, in top of granite 
stone at roadside ; aluminum tablet stamped " 8982 DENVER "_.. 8. 980. 812 

Point 8 miles north of Idaho Springs at summit of ridge at head of Virginia 
Canyon southwest to summit of Belleylev Mountain (trlangulation station). 

Belleview Mountain, summit of, in top of bod rock; bronze trlan- 
gulation tablet stami>ed "9684 DENVER" 9,683.528 

Point 8 miles north of Idaho Spring southeast to Comstock mine. 

Comstock mine, 70 feet northeast of shaft house entrance, in top 
of bed rock ; aluminum tablet stamped " 9156 DENVER " 9, 155. 552 

Russell Oulch via Alps mine to Nevadayllle. 

Alps mine, small knob west, of, at summit, trlangulation station ; 

bronze tablet stamjied "9594 DENVER" 9,593.272 

Russell Gulch via Gettysburg and Baldwin mine to Saratoga mine and return 
to Russell Guloh via Gilpin tram. 

Gettysburg mine, 150 feet southeast of, 20 feet east of road, in top 
of stone ledge; aluminum tablet stamped "9009 DENVER" 9,008.577 

Baldwin mine, 65 feet northwest of i)ower house, in top of granite 
ledge; aluminum tablet stumped " 8730 DENVER " 8, 729. 234 

Point near Saratoga mine to Kokomo mine. 

Kokomo mine, 250 feet west of, ground at top of ledge; aluminum 
tablet stamped " 8950 DENVER " ^ 8, 949, 299 
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BUckhawk via road to Tucker mill. 

Tucker's mill, 125 feet east of, 20 feet west of Hayseed Tunnel, 
in top of granite ledge 2 feet above ground; aluminum tablet Feet, 

stamped "8551 DENVER" J 8,550.046 

Blaokhawk yia road to Wheeler's mill. 

Wheeler's mill, 225 feet west of, in face of granite ledge 2 feet 
above ground, north side of road; aluminum tablet 8tami)ed 
" 8354 DENVER " 8, 353. 505 

GEORGETOWN atTADRANGLE 
Idaho Springs to Stanley Mills. 

Idaho Springs, northwest corner of Sixteenth Avenue and Miner 
Street, in water table of First National Bank; aluminum tablet 
stanii)ed "7541 DENVER" 7,540.077 

Stanley Mills, 40 feet east of shaft house, in top of masonry road 
wall, 2 feet from end ; aluminum tablet stamped "7667 DENVER " 7, 666. 496 

Empire Fast yia Georgetown to point 8 miles southwest of Idaho Springs. 

Georgetown, 2 miles north of, summit of Empire Pass, on west side 
of road, at junction of roads, in rock; aluminum tablet stami)ed 
" 8780 DENVER " 8, 778. 561 

Georgetown, 10 feet south of east entrance of brick high school, in 
top of foundation stone; aluminum tablet stamped **8507 DEN- 
VER " 8, 505. 915 

Georgetown, 2 miles east of, summit of Griffith Mountain, 300 feet 
north of Comet mine, between electric light lines, in top of rock; 
bronze tablet stamiitnl "HUGO DENVER" ^ 10,999.015 

Georgetown, 5 miles east of, north side of Cascade Creek, by trail, at 
old sawmill, in top of large flat rock; bronze tablet stamped 
" 9593 DENVER " 9, 591. 914 

Idaho Si)rings, C miles east of, junction of roads up Chicago and 
Cascade Creeks, 20 feet north of bridge over Cascade Creek, in 
top of rock ; aluminum tablet stami)ed *' 8532 DENVER" S, 530. 747 

Idaho Springs, 3 miles southwest of, 2.000 feet north of Peters 
tunnel, west side of road, in rock; aluminum tablet stamped 
** 7919 DENVER " 7, 917. 608 

Georgetown via public road and trail to point 0.8 mile south of Cedar Lake. 

Clear I^ke; surface of water, Sei)tember 24. 1903 9,869 

Georgetown. 3.5 miles south of, at south end of swami), 30 feet west 
of road, 0.7 mile south of Clear Lake, in top of large rock; alu- 
minum tablet stamped '* 9991 DENVER " 9, 989. 955 

Junotion of Cascade and Chicago creeks via trail up South Chicago Creek to 
bench mark 4 miles south of Junction. 

Cascade and Chicago creeks, 4 miles south of junction of, west side 
of trail, in top of shelf of large gi-anlte bowlder ; aluminum tablet 
stamped "9(562 DENVER" 9,661.194 

Georgetown along Colorado 9c Southern By. via Silver Plume to Terrible mine. 

Georgetown, 10 feiH south of east entrance to brick high school, In 
top of foundation stone; aluminum tablet 8tami)ed "8507 DEN- 
VER " 8, 505. 941 
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Silver Plume, 75 feet northeast, of railroad station, 4.5 feet north 
Off southeast corner of brick huildinjj. in foundation stone of west 
wall, 2 feet above ground; aluminum tablet stam[)ed *'9114 DEX- Feet. 

VER " 0, 113. 328 

Terrible mine, 25 feet west of tunnel entrance, 2 feet above ground, 
in face of granite wall; aluminum tablet stamped "9271 DEN- 
VER " 9, 270. 144 

Silver Plume along wagon roads to 780 mine. 

Pelican Tunnel, 120 feet southwest of, in face of granite rock ; alumi- 
num tablet stami)ed "9592 DENVER" 9,591.15 

730 mine, 120 feet southeast of tunnel mouth, in face of granite rock, 
5 feet above ground ; aluminum tablet stamped" 10451 DENVER". 10,450.398 

Fort Collins, Liyermore, Long Peak, and Mount Olympus quadrangles. 

LARIMEB COU!«TT. 

The elevations in the following list are based on the elevation of the 
lower pedestal at the southeast corner of the steps of the Colorado 
State capitol, at Denver. The elevation is obtained from the Coast 
and Geodetic Survey transcontinental line of levels and is accept^ed 
as 5^78.255 by the approximate adjustment of 1911. 

The leveling was done in 1905 by G. A. Joslin. 

The line from Belleview to Livermore was run as a precise line. 
The circuit from Forks Hotel via Alvord and return to Forks Hotel 
was a single line using the same level. The balance of level lines were 
run with a Y level and New York rods. 

FORT COLLINS aVADRAKOLE. 

Fort Collins southeast 8 miles along road, thence east to see. 9, T. 7 N., 
R. 68 W., thence to crossroads 2 miles north of Wellington, thence west to 
comer of sees. 88, 84, 85, and 86, T. 9 N., R. 69 W. 

Fort Collins, In west end of stone doorslll, main entrance to First 
National Bank; bronze tablet stamped *'4981 DENVER** 4,979.134 

Fort Collins, 3 miles east of, sec. 17, T. 7 N., R. 68 W., east side of 
road, junction with road turning north, 500 feet southeast of 
Slackett's ranch; iron post stamped "4927 DENVER'' 4,925.099 

T. 7 N., R. 68 W., 0.2 mile north of corner of sec. 9, 1 mile north of 
Pitcher's house, 30 feet west of road; iron iwst stamped "4937 
DENVER " 4. a35. 489 

T. 8 N., R. 68 W., southeast comer of sec. 28, 4 miles north of 
Pitcher's house, near telephone pole ; iron imsf stami)ed " 5021 
DENVER " 5, 019.120 

T. 8 N., R. 68 W., northeast comer of sec. 16, 3 miles south of Well- 
ington, in front of Carter's house ; iron post stami>ed " 5127 
DENVER " 5, 125. 699 

Wellington, west side of First National Bank Building In second 

stone step; bronze tablet stamped "5202 DENVER" 5,200.749 

T. 9 N., R. 68 W., northeast comer of sec. 29, 1.8 miles east of 
Poudre Valley Irrigation Co. reservoir No. 2, at foot of telephone 
pole; Iron post stamped "5254 DENVER." 5,252.255 
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T. 9 N., R. 09 W., 600 feet east of corner of sees. 23, 24, 25, and 26, 
9.5 miles north of Fort Collins, 150 feet southeast of Annie I). 
Winter's farmhouse, 16 feet west of gate; iron post 8tami>ed Feet, 

"5290 DENVER" 5,288.167 

Fort Oollins mlonir road to La Porte, thenoe bj Union Pnoiflo JL JL tUl 
Belleyne to old Stout pott oflloo. 

T. 7 N., R. 69 W., comer of sees. 4, 5, 8, and 9, comer of Wm. S. 
Smith's property, at foot of telegraph pole; iron post stamped 
" 5110 DENVER " 5, 114. 407 

La Porte, opposite post office, at foot of telegraph iK)le; iron post 

stami)ed "5063 DENVER" 5,061.549 

Bellevue, top step, nortli side Bellevue Mercantile Co. building; 
aluminum tablet stamped " 5125 DENVER " 5, 123. 988 

Bellevue, 3.7 miles south of, sec. 7, T. 7 N., R. 69 W., 200 feet 
from bridge 260, north end of gate to Lamb's ranch; iron 
post stamped "5303 DENVER" 5,301.693 

T. 7 N., R. 69 W., between sees. 29 and 30, 1.5 miles north of Stout, 
0.3 mile south of Johnson spur, at switch, east side of road, foot 
of fence iwst ; iron post stami)ed *' 5322 DENVER " 5, 320. 670 

Stout, abandoned post office, sec. 7, T. 6 N., R. 69 W. ; chisel mark 
on west end of doorslll 5,275.371 

Point near M&sonvUle. 

Masonville, 2.5 miles northwest of, sec. 9, T. 6 N., R. 70 W.. 4 feet 
north of L. A. Sheldons ranch gate; iron post stamped "5478 
DENVER " 5, 476. 646 

Point near Belleyne to tec. 18, T. 9 N., B. 70 W. 

Bellevue, 3.2 miles northwest of, opposite gate of G. Shlpp's ranch, 
north side of rond; iron i)ost stnniiKHl "5227 DENVER" 5.225.31S 

Engleslde, 2.3 miles south of, sec. 1, T. 8 N., R. 70 W., west of road, 
2 feet south of telephone pole: iron post 8tami>ed "5378 DEN- , 

VER" 5,376.761 

Engleslde, 1.2 miles north of, sec. 18, T. 9 N., R. 70 W., 0.2 mile 
south turn in telegraph line west, west side of road, foot of tele- 
graph pole; iron post stamped " 5587 DENVER " 5, 585. 521 

Bench markg near Fort Collins. 

Fort Collins, 3.5 miles south of, corner of sees. 25, 26, 35, and 36, 
T. 7 N., R. 69 W., southwest corner of sec. 25, at fence comer; 
iron [)ORt stamped " 5027 DENVER " 5, 025. 147 

Fort Collins, State agricultural building, at east entrance to main 
building, in north end of first stone step ; aluminum tablet stamped 
" 499S DENVER " 4, 996. 478 

Fort Collins, 4 miles north of, 800 feet west of A. F. StaufTs farm- 
house, west of road, at southwest fence comer at mouth of lane 
running west; iron post stami)ed "5111 DENVER" 5,109.118 

Fort Collins, 6.5 miles north of, top of ridge, 6 feet east of road 
and 20 feet west of railroad grade; Iron i)ost stamped "5268 
DENVER " 5, 266. 071 
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XasonviUe via Stout post office to Fort Collins. 

Masonvllle, 2.5 miles northeast of, se<-. 1. T. 0. X., R. 70 W., summit 

of divide between Redstone and Spring Canyon ; iron post stamped Feet. 

" 5766 DBNV." 5^763. 548: 

Fort Collins, 5.5 miles southwest of, between sees. 33 and 34, 
T. 7 X., R. 69 W., 1 mile east of Stout post office, at intersection 
of roads; iron post stamped *' 5150 DENY." 5»147. 091 

LTTERXORE aVADRANOLE. 

Bench markg established near public-land comers. 

T. 6 N., R. 70 W., sec. 5, summit of Fletcher Hill, 5 feet west of road, 
5 feet east of fence, in low rock ; aluminum tablet stamped " 6047 
DENVER " 6, 046. 203 

T. 7 N., R. 71 W., probably sec. 14, summit of Little Dead Man Hill, 
40 feet north of road. In low rock, near stone monument; alu- 
minum tablet stami)ed " 6492 DENVER " 6, 490. 752 

T. 7 N., R. 71 W., sec. 15 or 10, 2.5 miles northwest of Little Dead 
Man Hill, 1.4 miles northwest of forks of road, 30 feet northwest 
of creek, south side of road, large rock, beside stone monument; 
aluminum tablet Ptami)ed "6516 DENVER" 0,514.067 

T. 7 N., R. 71 W., sec. 17, 5.5 miles northwest of Little Dead Man 
Hill, 0.9 mile north of deserted cabin, south etlge of road, in low 
rock ; aluminum tablet stamped " 0943 DENVER " 0, 941. 398 

T. 7 N., R. 72 W., 800 feet south of Miller's ranch house, crossing old 
hill road with new creek road, between creek and road. In rock; 
aluminum tablet stamjied " 7288 DENVER " 7,286. 5:i7 

T. 7 N., R. 71 W., southwest corner of sec. 4, 1.5 miles southwest of 
Stove Prairie schoolhouse, in gully near dugout, 20 feet east of 
pine tree, south side of road, in rock; aluminum tablet stamped 
" 7272 DENVER " 7,270. 464 

T. 8 N., R. 71 W., sec. 29, 1.5 miles northeast of Stove Prairie school- 
house, 100 feet nprthwest of road crossing of creek, foot of little 
hill, east edge of grove of quaking asi)ens, 20 feet west of road, 10 
feet southeast of pine tree ; aluminum tablet stami)ed " 7086 
DENVER " 7, 084. 732 

Stove Prairie Landing, 0.8 mile south of, sec. 4, T. 8 N., R. 71 W., 
cabin on creek bank, west edge of road, east bank of creek, in large 
flat rock ; aluminum tablet stamped " 6314 DENVER " 6, 312. 285 

Stove Pniirle Landing, 1.2 miles west of, sec. 1, T. 8 N., R. 72 W., 
150 feet west of rock monument at end of railroad grade, 60 feet 
south of pine tree opposite mouth of dry gulch, 100 feet from 
river. In bowlder, 25 feet high; aluminum tablet stami)ed "6115 
DENVER " 6, 113. 420 

Stove Prairie landing, 2.7 miles north of, sec. 30, T. 9 N., R. 71 W., 
100 feet from summit of pass, 50 feet east of road, by pile of rocks, 
low flat rock ; alumlnun; tablet stamped " 6927 DENVER " 6, 920. 112 

Log Cabin, 5 miles east of, sec. 24, T. 9 N., R. 72 W., 200 feet west of 
town line, 40 feet north of road, near fence comer, in granite rock ; 
aluminum tablet stamped "7050 DENVER" 7,048.852 

lilvermore, 6.9 miles east of, sec. 9, T. 9 N., R. 71 W., west edge of 
road, in rock In road opi>osite telegraph i>ole; aluminum tablet 
stamped "6533 DENVER" 6,531.723 
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Llvermore, 3.4 miles east of, sec. 35, T. 10 N., R. 71 W., above road Feet, 

on south side, in roclc ; aluminum tablet Btam|)ed ** 5^)94 DENVER " 5. 093. 278 

Livermore, west edge of hotel steps, in cement walk; aluminum tab- 
let stamped " 5733 DENVER " 5, 731. 814 

Forks Hotel, 2.5 miles southwest of, sec. 2, T. 9 N.. R. 70 W., 0.2 mile 
north of F. W. Ri^don's post box, in small rock by pile of stone; 
aluminm tablet stamped "6927 DENVER" 5,925.748 

Forks Hotel, sec. 23, T. 10 N., R. 70 W.. between forks of road, 200 
feet east of windmill, in sandstone rock ; aluminm tablet stamped 
" 5887 DENVER " 5, 885. 792 

Fork! Hotel vU road to Alford, thence OAtt to State road and ■onth to 

Livermore. 

Forks Hotel, 3 miles northwest of, sec. 20, T. 10 N., R. 70 W., turn in 
road to St Cloud at foot of signboard "St. Cloud to Latimar 
River'*; iron post stamiHHl **5999 DENVER'' 5,097.633 

Alford, 2.2 miles south of, sec. 13, T. 10 N., R. 71 W., 800 feet above 
mouth of canyon, west side of road, east edge of creek, in low 
granite rock; aluminum tablet stami)ed •*6141 DENVER" 6,140.081 

Alford, hill back of town, sec. 9, T. 10 N., R. 71 W., south edge of 
road. In surface rock 20 feet square; aluminum tablet stamped 
** 6353 DENVER " ^ 6, 351. 850 

Alford, 3 miles west of, sec. 5, T. 10 N., R. 71 W., 0.2 mile north of 
Virginia Dale road with St. Cloud road, south edge of hill, west 
edge of road, in large rock; aluminum tablet stamped "6635 
DENVER " 6, 633. 565 

T. 11 N., R. 70 W., sec. 36, 7.8 miles north of Forks Hotel, 600 feet 
south of telegraph line crossing road, east side of road, in rock; 
aluminum f'blet stamped "6516 DENVER" 6,514.276 

T. 10 N., R. 70 W., sec. 8, 4.9 miles south of Forks Hotel, top of hill, 
south side of road, in granite rock; aluminum tablet stamped 
" 6287 DENVER " 6, 285. 123 

Bench marks established at public-land comers. 

T. 10 N., 72 W., sec. 12, 100 feet west of line fence, 150 feet north- 
west of gate to Bullards ranch, 50 feet east of corner to fence, in 
round rock 4 feet high and 7 feet in diameter; aluminum tablet 
stamped " 6701 DENV " 6, 699. 176 

T. 11 N., R. 72 W., in east part of sec. 36, summit of hill, 15 feet 
south of fence, in rock cairn 2 feet high ; aluminum tablet stamped 
" 6825 DENV " 6, 823. 877 

Waverly north along road to Brennigan Spring. 

McGimleys farmhouse, 0.8 mile northeast of, 60 feet west of rail- 
road grade, at wire fence east and west; iron post stamped 
" 5416 DENVER " 5, 414. 182 

Boxelder Creek crossing, 1,5K)0 feet south of, at fence comer, 45 
feet east of public road, on old railroad grade ; iron post stamped 
" 5528 " 5,526.325 

Warren sheep camp, 2 miles south of, 100 feet west of railroad 
grade, 60 feet southwest of road forks, at fence corner ; iron post 
stamped "5631 DENVER" 5,629.066 
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Warren sheep camp, 1 mile north of, at i)oint of curve east, 30 
feet west of old railroad grade, 15 feet east of wagon road ; Iron Feet, 

post stamped ** 5*805 DENVER" 5,803.232 

Jack Spring ranch, 1,000 feet south of, 6 feet west of gate, 900 feet 
east of corner of sees. 5, C, 7, and 8, T. 11 N., R. 68 W. ; iron post 
stami)ed "6045 DENVER" 6,043.210 

Brennlgan Spring, 1,000 feet north of, on ridge by wire-fence line 
between Rs. 68 and 69 W. ; iron post stamped '* 6569 DENVER "_ 6, 567. 063 

LONOS PEAK aVADRANGLE. 

Boston mine to Ward. 

Ward, 1 mile south of, sec. 7. T. 1 N., R. 72 W., 500 feet north of 
Boston mine, in face of rock east side of road; bronze tablet 
stami)ed "8594 DENV." 8,591.744 

Ward, sec. 1, T. 1#N., R. 78 W., in southeast comer of wall of rail- 
road station; aluminum tablet stamped "9254 DENV." 9,252.613 

Vicinity of Estes Park (tingle spur line). 

pstes Park, sec. 25, T. 5 N., R. 72 W., 300 feet northwest of post 
office, north side of road, in top of rock ; aluminum tablet stamped 
" 7549 UENV." 7, 546. 877 

Estes Park, 2 miles northwest of, sec. 35, T. 5 N., R. 72 W., 700 feet 
north of south bank of Thompson River, in rock beside pine tree ; 
bronze tablet stamped " 7626 DENV." 7, 623. 697 

MOUNT 0LYMPT7S aUAD&ANOLE. 

Lyoni Tia stage road to point near Dnnraven ranch, Ettes Park. 

.txi 

Lyons, 5.5 miles northwest of, top of Jordan Hill, north side of 
road; iron post stami)ed "6650 DENV." 6,^8.169 

Lyons, 8 miles northwest of, 75 feet u(yrth of bridge across Little 
Thompson River, at junction of Allen Park and Estes Park roads; 
iron post stamped "6704 DENV." 6,702.217 

Lyons, 11 miles northwest of, 8 feet north of road, at foot of pine 

tree; iron i)ost stamped "7.329 DENV." 7,326.0.55 

Lyons, 14 miles northwest of, 0.25 mile northwest of Meadowdale 
stock ranch, pine tree north side of road; Iron post stami)ed 
"7824 DENV." 7,822.902 

Estes Park. 5 miles east of, sec. 28, T. 5 N., R. 72 W., at junction 
of Estes Park and Loveland roads ; iron post 8tami)ed " 7594 
DENV." 7, 591. 835 

Point near Ettet Park eait by road to Pinewood. 

Rstes Park, 6 miles east of, sec. 25, T. 5 N., R. 72 W., 300 feet 
west of summit, rock south side of road, set in top of; bronze 
tablet stamptHl" 8584 DENV." 8, .582. 442 

Estes Park, 9 miles east of, sec. 23, T. 5 N., R. 71 W., 500 feet west 
of W. L. Walker's ranch, in top of rock, south side of road ; bronze 
tablet stamped "7599 DENV." 7,597.285 

Pinewood, 0.5 mile west of, sec. 26, T. 5 N., R. 71 W., 200 feet west 
of house, In face of rock, south side of road; bronze tablet 
stamped "6673 DENV." 6,671.370 
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Pinewood, 0.5 mile northeast of. In Bee. 11, T. 5 N., R. 70 W., north 
side of road at summit of Bald Mountain; Iron^post stamped Feet 

*• B772 DENY." 1 6, 771. 41>0 

Lyons to Noland. 

T. 3 N., R. 70 W., sec. 5, southwest corner of Xoland schoolhouse; 
aluminum tablet stami)ed '*G025 DENY." 6,023.275 

See. 1, T. 6 N., K. 71 W., along stage road to point 6 miles east of Estes Park. 

T. 5 N., R. 71 W., sec. 6, 900 feet west of bridge 5, 50 feet south^of 
creek, 2 feet north of road, in small rock; aluminum tablet 
stamped "5808 DENYER " 5,806.828 

T. 6 N., R. 71 W., sec. 33, 0.5 mile northwest of forks of Big Thomp- 
son Creek, in front of Hersman place; iron post stamped **6343 
DENVER " 6, 341. 579 

T. 5 N., R. 71 W., sec. 3, 0.3 mile west of forks of Big Thompson 
Creek, on south fork, 100 feet west of turn of creek, 100 feet east 
of cabin, 10 feet south of road, in large rock; aluminum tablet 
stamped **6201 DENYER " 6,199.700 

T. 5 N., R. 71 W., sec. 8, 0.4 mile west of bridge 9. 3 feet south of 

road, flat rock; aluminum tablet stamr>ed *' 6778 DEXYER" 6,776.359 

T. 5 N., R. 72 W., sec. 13, 200 feet south of creek, 0.9 mile west of ♦ 
bridge 11, west end of little flat, 5 feet south of road; iron post 
stamped "7003 DENYER'' 7,001.974 

T. 5 N., R. 72 W., sec. 22, 500 feet east of bridge 13, south edge of 

road, In large rock ; aluminum tjiblet stamjied ** 7269 DENVER "_ 7, 267. 411 

Estes Park, 0.5 mile east of, junction of Estes Park and TiOveland 

roads; iron jmst stamped "7594 DENVER" 7,591.900 

Eaton quadrangle. 

LABIMEB AXB WEL» COUNTIES. 

The elevations in the following list are based upon the precise level 
line of the Coast and Geodetic Survey traversing this area. 

The leveling was done in 1905 by C. I. Anderson, in 1906 by G. A. 
Joslin, and in 1908 by W. R. Winstead. 

EATON aUADRANOLE. 
Fort Collins east along wagon road to Eaton. 

Fort Collins, 3 miles southeast of, sec. 17, T. 7 N., R. 68 W., 500 
feet southeast of Slockett's ranch, at junction of road north, on Feet, 

east side of road; iron post stamped "4927 DENVER" 4,925.723 

Tinmath, 2.5 miles north of, northeast corner of sec. 22, T. 7 N., 
R. G8 W., at crossroads, on southwest corner of intersection, 25 
feet south of comer, o[)posite H. M. Lewis's farmhouse ; iron post 
stamped "4916 DENVER" 4,914.589 

Timnath, southeast corner of Timnath schoolhouse, in corner stone, 

third course from ground: aluminum tablet stamped "4877" 4,875.941 

T. 7 N., R. 68 W., southeast comer of, 2.5 miles southeast of Tim- 
nath, north side of road, 4 feet west of fence corner; iron post 
stamped "4881 DENVER" 4,879.594 
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Windsor, 3 mfles north of» 800 feet south of northeast comer of sec. 
4, T. 6 N., R. 67 W., on west corner of road hitersection at Geo. 
Bremlnan's ranch house, 500 feet south of Whidsor reservoir; Feet. 

Iron post stamped "4924 DENVER" 4,922.046 

Severance, 1 mile east of, southwest comer of sec. 36, T. 7 N., 
R. 67 W., 6 miles west of Eaton, northwest comer of road inter- 
section, at Walter Baldridge ranch; Iron post stami)ed "4894 
DENVER " 4, 892. 649 

Eaton, 3 miles west of, 2 feet east of southwest comer of sec. 34, 
T. 7 N., R. 66 W., north side of wagon road; iron post stamped 
" 4862 DENVER " 4, 860. 516 

Eaton, southwest comer of sec. 31, T. 7 N., R. 66 W., southwest cor- 
ner of schoolhouse lot; iron post stamped "4826 DENVER" 4,824.681 

Eaton eaat 7 milet, north 6 milet, vett 1 mile, north 2 milei, and west to 

Pierce. 

E3aton, 3 miles east of, southwest comer of sec. 34, T. 7 N., R. 65 W., 
northeast corner of crossroads, 150 feet east of bridge over Lone 
Tree Creelt, at John Ward's ranch house; iron post stamped 
"4774 DENVER 1906" 4.772.753 

Canal, 0.2 mile south of, sec. 18, T. 7 N., R. 64 W., east side of road 

beside fence; iron post stamped "4851 DENV 1906" 4,849.517 

T. 8 N., R. 64 W., sec. 32, summit of little ridge ; iron post stami^ed 

"5007 DENV 1906" 5,004.722 

T. 8 N., R. 64 W., southwest corner of sec. 19, 6 feet east of comet 

stalce; iron post stamped " 5021 DENV 1906 " 5, 018. 812 

Pierce. 5 miles east oif, at foot of fence corner opposite Olive Branch 

school district 62; Iron post stam[)ed "4950 DENV 1906" 4.9.57.848 

Pierce, 1.8 miles east of, road corner, 5 feet from fence comer i)ost 
on south side of road ; iron i)ost stamped " 5054 DENV 1906 " 5, a51. 595 

Pierce weit along flnt wagon road north of Pieroe to Blaokhollow, thence 
southwest to Fort Collins road to sec. 28, T. 8 N., R. 68 W. 

Pierce, 3 miles west of, north side of road, 4 feet east of north and 
south fence, foot of third post north of fence comer; iron i)ost 
stamped "5160 DENV 1906" 5,158..5a3 

Pierce, 5.8 miles west of, 0.6 mile west of Walker's ranch house, 
summit of hill, north side of road; iron post stamped "5280 
DENV 1906 " 5. 278. 463 

BlackhoUow, 0.8 mile southwest of, summit of hill west of first 
draw west of BlackhoUow, 15 feet north of road; Iron post 
stamped "5171 DENV 1906" 5,169.258 

T. 8 N., R. 67 W., northwest comer of section 31, on line between 
Larimer and Weld Counties; iron post stamped "5159 DENV 
1906 " 5,157. 321 



Dover north along Union Paciflc R. R. to Oarr. 

Dover, In front of section house; top of rail 5,409 

Dover, 3 miles northwest of, 0.25 mile northwest of section post, 
0.5 mile southeast of " Decker 1 mile " post, east side of track, by- 
telegraph pole; Iron post stamped "5524 DENV 1906" 5,522.480 
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Carr, 2.0 miles southeast of, 1,000 feet north of cut, east side of 
track. 6 feet west of road, beside telegraph pole; Iron ix>st Feet 

stamped "r)(«2 DEXV 1000" 5,630.487 

Carr, in front of station ; top of east rail 5, 704. 

Carr southeAtt along road via BlaTton't ranch to lec. 88, T. 10 N., &. 65 W., 
thence south to tec 6, T. 9 N., K. 66 W., thence west to Dover. 

Carr, 2.9 miles southeast of, summit of first ridge east of I^one Tree 
Creek. 10 feet north of road; iron post stamped "5660 DENV 
1906 " 5, 048. 497 

Carr, 6.4 miles southeast of, 1.8 miles northwest of Slayton*s ranch 
house, summit of ridge between Little Owl Creek and Owl Creek, 
10 feet north of road; iron post stamped "5639 DENV 1906 "__. 5,6:^7.528 

T. 10 N., R. 66 W., northwest comer of sec. 12, 1 mile southeast of 
Slayton's ranch house, at forks of southeast and east roads, on 
line with east and west fence on west side of Owl Creek; Iron 
post stamped "5460 DENV 1906** 5,458.452 

Rlayton's ditch camp, 1.1 miles southeast of west side of East- 
man Creek, 100 feet north of sheep corral, 50 feet from road; 
iroa nost stamped " DEXV 5336 1906 " 5. 334. 502 

T. 10 N., It. (>5 W.. southeast comer of NW. i sec. 28, Eastman Creek, 
Fred Abbott's ranch, at foot of fence post, 10 feet west of road; 
iron i)ost 8tam|)ed " 5258 DENV 1906 " 5, 256. 559 

T. 9 N., R. 65 W., northeast comer of sec. 6, 30 feet southwest of 
crossing of plowed furrows; Iron post stamped "5345 DENV 
1906 " 1 5, 343. 338 

Dover, 3.3 miles east of, north line of sec. 2, T. 9 N., R. 66 W., 
near northwest corner, 300 feet east of creek, 0.3 mile north of 
sheep corral ; iron post stamped " 5290 DENV 1906 " 5, 288. 566 

Point 8 miles eatt of Olive Branch tchoolhonie along highways north and west 

to Dover. 

T. 8 N., R. 64 W., southwest comer of sec. 19, 3 miles east of Olive 
Branch schoolhouse, 6 feet east of comer stake ; iron post stamped 
" 5021 DENV 1906 5, 018. 812 

T. S N., R. 64 W., southwest comer of sec. 7, 3 feet east of fence 
comer, Harry Stapp*s ranch ; iron post stami)ed " 5092 DENVER 
1908 " 5, 090. 638 

T. 9 N., R. 64 W., southwest comer of sec. 19, 3 feet east of fence 
comer, 150 feet southeast of house; iron post stamped "5210 
DENVER 1908 " 5, 208. 397 

T. 9 N., R. 65 W., southeast comer of sec. 15, 3 feet south of fence 
comer. 500 feet southwest of house; iron post stamped "5208 
DENVER 1908 " 5, 206. 385 

T. 9 N., R. 65 W., northeast corner of sec. 17, 30 feet southeast of 
fence corner, 3 feet east of comer stone ; Iron i)ost stamiied " 5175 
DENVER 1008 " 5. 172. 840 

T. 9 N., R. 06 W., northeast comer of sec. 14, 2,()40 feet south of 
house, north of fence corner 3 feet; iron post stamped "5230 
DENVER 1908 " 5, 228. 808 

Dover, 3 miles southeast of, northeast corner of sec. 9, T. 9 N., R. 66 
W., 1,200 feet north of house, 3 feet southeast of fence corner; 
iron post stamiied "5306 DENVER 1908" 5,304.047 
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Dover, in southeast comer of section yard, on top of rock ; square 
marked " U. S. D B. M." (CJoast and Geodetic Survey bench Feet, 

mark) 5, 407. 237 

Point 0.86 mile toutlieAtt of Dover louth mlonr Union Pacific &. K. to Nnnn, 
thenoo west, north, and east to point of beginning. 

Dover, 2.3 miles southeast of, at milepost 75, 60 feet west of track, 

near wire fence; iron post stamped "5320 DENVER 1908" 5,318.680 

Nunn, 500 feet southwest of station, northeast comer of amusement 
hall at Kent Hotel, 500 feet east of center of sec. 33, T. 9 N., R. 

66 W. ; iron post stamped " 5186 DENVER 1908 " 5, 184. 890 

Nunn, 3 miles northwest of, northeast comer of sec. 36, T. 9 N., R. 

67 W., 30 feet southwest of comer stone ; iron post stamped " 5235 
DENVER 1908 " 5, 232. 982 

Nunn, 6 miles northwest of, northeast comer of sec. 12, T. 9 N., R. 
07 W., 4 feet east of fence; iron i)ost stamped "5337 DENVER 
1908 " 5, 335. 235 

Nunn fontli along Union Pacific R. R. to Eaton. 

Nunn, 2.6 miles southeast of, about center of sees. 10 and 15, T. 9 
N., R. 66 W., 500 feet west of house, 60 feet west of track, north 
of road, at road crossing; iron post stamped "5112 DENVER 
1908 " _- 5, 110. 353 

Pierce, 1,000 feet west of station, 5.3 miles southeast of Nunn, in 
southwest comer of west face of Shafer & Stovall's brick store; 
aluminum tablet 8tami)ed "5041 DENV 1908" 5,039.488 

Pierce, 2 miles southeast of, 600 feet east of quarter comer on south 
side of sec. .35, T. 8 N., R. 66 W., on the south township line of 
T. 8 N., 60 feet west of track, north of road at road crossing; 
iron post stamped "4990 DENVER 1908" 4,988.217 

Ault, 300 feet southwest of station, in southeast corner of east face 
of W. N. Williamson's real estate and insurance office; aluminum 
tablet stami)ed "4840 DENVER 1908" 4,939.863 

Ault, 2 miles southeast of, 60 feet west of track, north of road, 1,200 
feet east of quarter corner on south side of sec. 24, T. 7 N., R. 
60 W., at road crossing 60-D-OO-E; iron post staniix'd "4867 
DENVER 1908" 4,865.250 

Carr north along Union Pacific R. R. to Athol, Wyo. 

Carr, in southeast comer of the yard of railroad section house, 
on top of granite post; square (Coast and Geodetic Survey bench 
mark) 5, 702. 976 

Carr, 3 miles north of, 600 feet north of milepost 89, 63 feet east 
of track, 3 feet east of wire fence, 10 feet west of road, 21 feet 
south of house; iron post stamped "5840 DENA^ER 1908" 5,838.236 

Carr, 6 miles north of, 300 feet north of milepost 92, 600 feet south 
of electric signal, 63 feet eas^c of track, 3 feet east of wire fence, 
2,000 feet northwest of tout, 150 feet west of road; iron i)ost 
stamped "5993 DENVER 1908" 5,991.481 
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Northwest corner of leo. 12, T. 10 N., B. 66 W,, eatt 8 milet, north 1.6 milei, 
east 7.6 miles, south 4.6 miles, thence west to sec. 88, T. 10 N., B. 66 W. 

T. 10 N., R. 66 W., northwest corner of sec. 12, 1 mile southeast of 
Slayton*s ranch house at forks of southeast and east roads, on line 
with east and west f^ice, west side of Owl Creek; iron post F€?et. 
stamped " 5460 DENY 1900 " 5, 458. 352 

T. 11 N., 11. 65 W., SW. i sec. 32, 0.2 mile northeast of section 
comer at crossroad, in northwest comer of roads; iron post 
stami)ed "5433 DENVER 1908" 5.431.398 

T. 11 N., R. 65 W., center of sec. 34, 3 feet north of fence comer: 

iron post stamped " 5544 DENVER 1908 " 5, 542. 866 

T. 11 N., R. 64 W., on township line, quarter corner of sec. 36, 
30 feet northeast of comer stone; iron post stamped "5394 
DENVER 1908 " 5, 392. 254 

T. 10 N., R. 64 W., about center of sec. 33, 1 mile east and 1.3 miles 
north of Willow Creek, on top of large hill; iron post stamped 
"5413 DENVER 1008" 5,411.872 

T. 10 N., R. 64 W., about center of sec. 16, 1.7 miles south of Willow 
Creek, 1 mile north of big hill, 500 feet west of old road, on top of 
small hill; iron post stamped "5403 DENVER 1908" 5,401.754 

T. 10 X., R. 65 W., near northwest comer of sec. 24, 1,000 feet 
southeast of section stone, 0.8 mile north of house; iron post 
stamped "5427 DENVER 1908" ^ 5,425.778 

Osxr northwest along highways to point 1 mile north of Warren's siding. 

Carr, 5 miles northwest of, at road to North Cheyenne and Fort 
Collins telephone line, 30 feet east of road; iron post stamped 
" 5907 DENVER 1908 " - 5, 904. 905 

Carr, 6.5 miles northwest of, at second-class road fork east, 
1,200 feet west of house, 80 feet west of road; point on rock 
marked "5958" 5,955.98 

Holyoke' quadrangle. 

8ED0WICK COUNTY. 

The approximate elevations in the following list depend on the 
bench mark established in the season of 1896 at Sidney, Nebr., con- 
sisting of a copper bolt set in the astronomic monument in the pa- 
rade grounds of old Fort Sidney, marked " U.S.G.S. 4086 feet B.M." 
The elevation of this bench mark has been accepted as 4,086.279 feet 
above mean sea level, based on Union Pacific Railroad datum. 

The leveling was done by R. C. Cornish in 1897. 

HOLYOKE aVADRANOLE. 
Bench marks near Jolesburg. 

T. 12 N., R. 45 W., at section corner on Nebraska-Colorado State 

line, 0.5 mile west of Ix)dge|)ole Creek ; Iron pont stami)ed " SID- Feet. 

NEY 3591 " 3, 590. 886 

Julesburg, T. 12 N., K. 45 W., in astronomical monument; bronze 

tablet stamped '* SIDNEY 3500 " 3, 560. 480 

Julesburg, T. 12 N.. R. 44 W., at railroad station; iron iK)st stamped 

•* SIDNEY 3469 " 3, 469. 064 
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Castle Bock and Colorado Springs quadrangles, and Pikes Peak special 

quadrangle. 

SL PASO, PUEBLO, AN» TELLER COUHTIES. 

The elevations in. the following list are based on the transconti- 
nental line of precise levels of the Coast and Geodetic Survey along 
the Atchison, Topeka & Santa Fe and the Chicago, Rock Island & 
Pacific railways in this section. 

The leveling in the Colorado Springs quadrangle was done in 
1903 by J. E. Chapson, in 1905 by C. I. Anderson, and in 1906 by 
G. A. Joslin; that in the Pikes Peak special quadrangle in 1903 by 
J. E. Chapson and in 1907 by Charles Hartman; and that in the 
Castle Rock quadrangle in 1905 by C. I. Anderson. 

COLOEABO 8PBIH08 aVADHAKOLE. 

Oolorado Springs via Denver ft Bio Grande &. &. to Adama Cronlng, tlienoe 
along roadi to Garden of the Godi and return to Colorado Springe. 

Colorado Springs. 2,000 feet north of station, west of track, north 
abutment of railroad bridge over Monument Creek; bottom of 
square hole in second rock from end where offsets begin (bench Feet, 
mark A, Coast and Geodetic Survey) 5,987.455 

Colorado Springs, 2,000 feet north of station, in west end of north 
abutment of plat girder bridge over Monument Creek, on first 
stone where offsets begin, 4 fi»et west of Coast Survey bench mark ; 
aluminum tablet stami)ed ''SOSH ADJ 1903" 5,987.473 

Cathedral Rock, in south face. 2 feet alwve ground ; aluminum tablet 
stamped "6432 ADJ 1903" 0,431.532 

Cathedral Rock, east side of, in rock at gate to Garden of the (iods, 
5 feet above ground ; aluminum tablet stami)ed *' 6415 ADJ 1903 "_ 6, 414. 065 

Colorado Springs, 2 miles west of, top of hill op|>osite Brewer house, 
30 feet south of road ; iron post stamped " 6310 ADJ 1903 " 6, 309. 023 

Colorado Springe via Denver ft &io Grande R. B. to Fountain, thence via 
Colorado ft Southern Ky to Xanitou Junction, thence along roads and Chicago, 
Rock Island ft Paclflo Ry. to Elsmere. 

Colorado Springs, 1.5 miles southeast of, twelfth stone from top of 
upper face of southeast wing wall of masonry culvert ; aluminum 
tablet stamped " 5874 ADJ 1903 " 5, 872. 917 

Colorado Springs, 5 miles southeast of, at Skinner ranch, 300 feet 
east of gate, outside fence comer, in sec. 3, T. 15 S., R. 66 W. ; 
Iron post stamped "5777 ADJ 1903" 5,776.298 

Crews, 300 feet north of station, T. 15 S., R. 65 W., 2 feet west of 
fence comer; iron post stamped "5651 ADJ 1903" -. 5,649.94a 

Fountain, on southeast comer of store building of F. E. Torblt, 5 
feet above walk, in lava rock; aluminum tablet stamped "5547 
ADJ 1903 " 5, 545. 979 

Fountain, 2.7 miles northeast of, fence corner east of right of way, 
at summit ; iron iwst 8tann)ed " mV2 ADJ 1903 " 5, <ni. (XK) 

Francevllle J^inctlon, 1 mllo south of, southwest comer of se<\ 15, 
T. 15 S., R. 65 W., 11 feet east of track, at fence; Iron post 
stamped "5742 AD^ 190$"^,^^^^^ 5.740,88^ 
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Franceville, 1.2 miles northwest of, east of track, 60 feet east of 
telephone pole, south of second trestle, and west of road crossing Feel, 

under trestle; iron post stamped **5981 ADJ 1903" 5,979.962 

Manitou Junction, 0.5 mile southeast of, road crossing at west gate 
of Richfield Springs, 50 feet west of railroad, 40 feet north of 
road ; iron post stamped " 6278 ADJ 1903 " 6, 277. 018 

Bierstadt, 500 feet west of schoolhouse, 50 feet east of Chicago, 
Rock Island & Pacific Ry. crossing, 40 feet north of wagon road ; 
iron post stamped " 6536 ADJ 1903 " 6, 534. 921 

Elsmere, southwest corner of stone under support at each side of 
water tank; bottom of square offset lettered V (Coast and 
Geodetic Survey bench mark) 6,420.727 

Eismere, 0.8 mile west of, corner of Tps. 13 and 14 S., Rs. 65 and 
66 W., south of track, west of road ; iron i)ost stamped, " 6390 ADJ 
1903 " 6, 389. 122 

Falcon along roads lonth and east to Amo, south 18 miloi, and west to Fountain. 

F'alcon, Colorado & Southern Ry. and Denver & Rio Grande R. R. 
bridge over Chicago, Rock Island & Pacific Ry. bridge, northeast 
end of abutment, top of stone forming third course, in first of series 
of steps, 5 inches northeast of Coast Survey" bench mark ; alu- 
minum tablet 8tami)ed " 6813 ADJ 1903 " 6, 812. 140 

Gniudview, 1,000 feet west of schoolhouse, T. 13 S., Ra 64 and 65 
W., Gaudry's ranch, at northwest angle of crossroads; iron post 
stamped "6687 ADJ 1903" 6,686.248 

Amo, 3 miles west of, southwest corner of sec. 33, T. 13 S., R. 64 
W. ; iron iwst stamped " 6(J27 ADJ 1903 " 6, 626. 268 

Amo, 40 feet west of northwest corner of sec. 1, T. 14 S., R. 64 W. ; 

iron i)08t stami)ed "6370 ADJ li)03" 6,369.411 

Amo, 3 miles south of, southeast comer of sec. 14. T. 14 S., R. 64 W., 
on high hill, south of Kennedy's ranch ; iron i)ost stami)ed " 6339 
ADJ 1903 " 6, 338. 375 

T. 14 S., R. M W., southeast corner of sec. 35, 0.2 mile northeast 

of Ashley's ranch ; iron i)ost stami)ed " 6125 ADJ 1903 " 6, 124. 335 

T. 15 S., R. 64 W., northeast corner of sec. 23, 2.8 miles south of 
Ashley's ranch, in bowlder buried 3 feet in ground; aluminum 
tablet stami)ed "5920 ADJ 1003" 5,919.189 

T. 15 S., R. 64 W., southeast corner of sec. 35, 5.8 miles south of 

Ashley's ranch ; iron post stami)ed " 5795 ADJ 11K)3 " 5, 794. 441 

T. 15 S., R. 64 W., southwest comer of sec. 33. at William's ranch, on 
top of first high hill; iron i)ost stamped "5787 ADJ 1903" 5,786.699 

Fountain, 4 miles east of, southwest comer of sec. 36. T. 15 S., R. 65 

W. ; iron post stamped " 5610 ADJ 1903 " 5, 609. 554 

Falcon along roads north 8 miles. 

Falcon, northwest end of abutment of Colorado & Southern Ry. 
and Denver & Rio Grande R. R. bridge over Chicago, Rock Island 
& Pacific Ry., on top of stone third course of first step ; bottom of 
square cut (Coast and Geodetic Survey bench mark) 6,812.095 

Falcon, 1.5 miles north of, northeast corner of Tps. 12 and 13 S., Rs. 
tU and 05 W. ; iron i)ost stamped ** 6971 ADJ 1003 " 6, 970. 144 

Falcon, 4.7 miles north of, 0.3 mile south of northwest corner of 
sec. 19, T. 12 S., R. 64 W., on summit of high bald hill east of 
road; iron post stamped "7306 ADJ 1903". . «- 7,305.216 
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Fountain along Denver ft Bio Grande B. B. to Plnyon. 

Buttes, 1.5 miles north of, opposite Thomas Owens ranch, west of 

track, In field near fence comer, south of fork of road; iron post Feet. 

stamped "5435 ADJ 1903 " 5, 434. 188 

Buttes, 1.8 miles south of, southeast of road crossing at fence comer 

in field; iron post stamped "5330 ADJ 1903" 5.328.930 

Wigwam, 0.2 mile north of, east of track in field near fence comer ; 

iron post stamped "5217 ADJ 1003'' 5,216.063 

Wigwam, 2.2 miles north of, west of track in field, at northeast angle 

of fork road to Toof ranch ; iron post stamped " 5152 ADJ 1903 "- 5, 150. 932 

Colorado Bpringi along Oolorado Bpringi ft Cripple Creek DUtrict B7. to 

Saderlind. 

Colorado Springs, east end of Huerfano Street viaduct, in coping 
stone of northeast corner of retaining wall, near iron post; alu- 
minum tablet stamped " 5989 COLO SP " 5, 988. 211 

Colorado Springs, 1.1 miles west of, in coping stone 8 by 2 by 5 feet, 
on retaining wall 6 feet high, at back of recess 100 feet east of 
northeast comer of brick office building of Portland mill ; alumi- 
num tablet stamped "6101 COLO SP" 6,099.845 

Colorado Springs, 3.3 miles west of, 70 feet north of track, on a 
sandstone bowlder 2 by 2 by 3 feet; aluminum tablet stamped 
"6525 COLO SP" 6,524.205 

Colorado Springs, 4.3 miles west of, 60 feet west of railroad track, 
1,000 feet north of cut, west side of small patch of oak brush, in 
sandstone bowlder 2 by 2 by 1 foot; aluminum tablet stamped 
" 6706 COLO SP " 6, 704. 828 

Sublime, 8 feet south of track, 300 yards west of whistling post, on 
bench of granite rock In a cut ; aluminum tablet stamped " 7299 
COLO SP" 7,298.357 

Fairview, 30 feet south of track on mail line, 80 feet east of west 
end of switch, in outcropping bowlder 4 by 3 by 3 feet; bronze 
tablet stamped "7935 COIX) SP" 7,934.347 

Fairview, South Cheyenne Canyon, 2 miles west of, 12 feet north of 
railroad track, 100 feet east of water tank, in a granite bowkier 
8 by 4 by 4 feet ; aluminum tablet stamped " COLO SP 8301 " 8, 300. 148 

St Peters, section house, 10 feet south of railroad track, in granite 
bowlder 14 by 8 by 4 feet; aluminum tablet stamped "8755 
COLO SP " 8, 754. 280 

Duffield, 0.2 mile west of flag station, 12 feet south of railroad track, 
in granite bowlder 10 by 10 by 10 feet; bronze tablet stami)ed 
" 9349 COLO SP " 9, 348. 489 

Summit, 60 feet north of railroad track, 50 feet west of post office, 
in outcropping granite bowlder; bronze tablet stamped "9913 
COLO SP" 9,911.669 

Saderlind, 100 yards west of switch, 20 feet north of track, on out- 
cropping bowlder 3 by 5 feet, 3 feet above grade; bronze tablet 
stamped " 9971 COLO SP " 9. 969. 870 

Quarry Spur via Colorado Xidland By. to Green Mountain l^dlt (nncheoked 

■pur line). 

Manitou, in front of Colorado Midland Ry. station, top of rail 6,412. 1 

Manitou, Manitou Soda Spring, stone facing south side of creek, east 
end of bow at spring, foot of handrail post; aluminum tablet 
stamped "6336 1906" 6,334.657 

97938**— Bull. 486—11 4 ^ t 
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Feet 

Iron Springs, in front of station house; top of rail 6,522 

Cra^s, 350 feet east of signpost, at switcli ; top of rail 7, CKM 

Crags, in front of signpost ; top of rail 7, 015.9 

Crags, 400 feet north of, north side of Fountain Creek, 100 feet 
north of bend of road, 20 feet west of road, in top of large round 

bowlder; aluminum tablet stamped "7026 1906" 7,024.888 

Cascade Canyon, in front of station; top of rail 7,393.25 

Cascade Canyon, southeast comer of porch of agenfs house; iron 

post stamped " 7391 1006 *' 7, 390. Ill 

Culver, in front of signpost; top of rail 7,482.9 

Colorado Springs lonth along road via Lytlo to Turkey Creek, thence east to 

Wigwam. 

Colorado Springs, 3.0 miles south of, 10 feet east of gate of Cheyenne 
Mountain i-anch, 6 fe(»t from fence; iron post stamped "6087 
1906." (This bench marii has been moved S. 89° W. 30 feet, but 
the elevation Is liot changed) 6,087.266 

Colorado Springs, 6.5 miies south of, south edge of Little Pass, east 
edge of road, in top of bowlder ; aluminum tablet stamped " 5955 
1906 " - 5, 954. 429 

Colorado Springs, 8.4 miles south of, road comer, north side of little 

knoll, oi)po8ite fence comer; Iron iK)st stamped " 5847 1906" 5,846.520 

Colorado Springs, 12.4 miles south of, 0.7 miles east of Hake's ranch, 
south edge of road. In flat surface of 1.5-foot rock, in pile; alumi- 
num tablet stamped "6104 1906" 6,ia'5.221 

Deadmans Canyon, 0.5 mile above ranch house, 15 feet east of pine 
tree on side of drain, east of dugout cabin, 20 feet west of road; 
iron i>ost stamped "6393 li)06 " 6,392.204 

Lawton's ranch, 1.5 miles south of, 800 feet south of road corner, 10 
feet north of pine tree east of road, beside fence, in sandstone; 
aluminum tablet stamped "6381 1006" . 6,380.310 

Lytle, 1.4 miles south of schoolliouse, summit of hill east of Turkey 

Creek, In bowlder; aluminum tablet stamped " 6170 1906 " 6, 169. 173 

Lytle, 4.5 miles south of schoolliouse, 200 feet north of gate leading 
to ranch on creek, east side of road, beside fence; Iron post 
stamped " 5990 1906 " 5. 989. 262 

Lytle, 7.6 miles south of schoolhouse, edge of bluff at head of small 
canyon, 10 feet west of road; iron post stami>ed "5911 1906" 5,910. 194 

Greenley's ranch, 1 mile east of, on line with lone poplar, edge of 
drain, and lone pine tree, on sandy point, 10 feet west of old road ; 
iron post stamped "5451 1906" 5,450. 500 

Greenley*s ranch, 4.4 miles east of, 1,000 feet northeast of cotton- 
wood tree by creek, 0.4 mile west of spring, 10 feet north of old 
road; iron post stamped "5.305 1006" 5,304.390 

Wigwam, 0.3 mile north of station, 30 feet east of Denver & Rio 
Grande R. R. tracks, at corner fence i>ost; iron post stamped 
" 5217 " 5, 216. 073 

CASTLE ROCK aUADRAKOLE. 
Point 7.6 miles north of Falcon to Huited. 

Falcon, 7.5 miles north of, southwest corner of Tps. 11 and 12 S., 
Rs. 64 and 65 W., in Myer i)asture, 2 feet west of fence corner; 
iron post stamped "7524 ADJ 1903" 7.523.146 
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T. 11 S., R. 65 W., in center of sec. 34, at K. K. ranch-house gate, 
6 feet west of fence and 10 feet south of shed, in sandstone slab ; Feet, 

aluminum tablet stamped "7559 ADJ 1903'* 7,558.433 

T. 11 S., R. 65 W., at southwest corner of sec. 32^ west of road, in 
McBroom's pasture, 20 feet west of fence; iron post stamped 
"7629 ADJ 1903" 7,628.296 

T. 11 S., R. 66 W., 300 feet east of northwest corner of sec. 36, in 
6 by 10 by 4 foot sandstone slab, at Sam Brown's ranch gate; 
aluminum tablet stamped " 7505 ADJ 1903 " 7, 50i. 725 

Stout ranch, 800 feet north of, in southwest angle of crossroads, in 
side fence; iron post stamped " 7153 ADJ \dm " 7. 152. 460 

Ilusted, 0.5 mile west of Denver & Rio Grande R. R. station, in 
southeast angle of forks of roads, inside fence in pasture; iron 
post stamped " 6663 ADJ 1903 " 6, 662. 343 

Husted, 1.2 miles south of, opposite E. "P. Moon's house, second step 
from top of north abutment of bridge 63 A; bottom of square 
(Coast and Geodetic Survey bench mark) 6, 516. 817 

PIKE8 PEAK SPECIAL aXTADRAKGLE. 

Maniton nortliweit alonir Manitou ft Pikes Peak Ey. (cog-wheel road) to Pikes 
Peak, thence west to Clyde (unadjusted line closing 8 feet high). 

Manitou, Manitou & Pikes Peak Ry. station, 7 feet from east side, 
50 feet west of entrance, in face of wall; aluminum tablet 
stamped "6571 " 6,570.333 

Manitou, 2 miles west of, north side of track, 75 feet east of section 
house at Minnehaha, in face of rock; aluminum tablet stamped 
" 8332 " 8, 331. 881 

Manitou, 2.6 miles north of, on top of small rise west and about 
300 feet north of Halfway House, north side of track, in rock; 
aluminum tablet stamped " 9010 " 9, 010. 290 

Manitou, 4.7 miles west of, south side of track, 100 feet south of 

"Gulch Tank," in bowlder; aluminum tablet stamped " 10012 "__ 10,012.115 

Manitou, 5.8 miles north of, west side of track, 0.5 mile west of 
" Grecian Bend," in large bowlder ; aluminum tablet stamped 
" 11005 " 11, 005. 89S 

Manitou, 6 miles west of, at west side entrance of Windy Point 

House; aluminum tablet stamped "12129" 12,130.138 

Manitou, 8 miles west of, east side of track, 1 mile south of summit 
of Pikes Peak, in ledge of rock; aluminum tablet stami)ed 
" 13006 " 13, 006. 937 

Manitou, 9 miles west of, main entrance to sleeping apartment of 
Summit House on top of Pikes Peak, In water table; aluminum 
tablet stamped "140S4 1906-7" 14.085.330 

Pikes Peak, 500 feet west of Summit House, in bowlder 5 by 6 feet 
situated on the very top of Pikes Peak ; aluminum tablet stamped 
" 14109 " 14,108.873 

Pikes Peak, 500 feet west of Summit House, in side of bowlder on 
summit, aluminum plate 4.8 Inches wide and 7.1 inches long, 
engraved as follows: "U. S. Geological Survey, George Otis 
Smith, Director, PIKES PEAK, Latitude 38" 50' 26", Longitude 
105" 02' 37", U. S. Standard, Elevation above sea 14109 feet, 1908." 

rikes Peak, in monument of rocks on summit of Pikes Peak ; alumi- 
num tablet stamped " 14107 1906-7 " 14, 109. 069 
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Windy Point, 3 miles south of, 400 yards north of Dam No. 4, at 
Seven Lakes, 100 yards south of forks of roads, east side of road. Feet, 

in bowlder 4 by 5 feet ; aluminum tablet stamped ** 10902 " 10, 902. 707 

Windy Point, 6 miles south of, 1.5 miles north of Clyde, 150 feet 
above and east of creek, 200 yards east of prominent cllflf, west 
side of road. In bowlder 5 by 6 feet; aluminum tablet stamped 
" 9983 " 9, 983. 136 

Baderlind to Love. 

Saderllnd, 3.C miles west of, 10 feet northeast of railroad track, 
2(X) yards west of mllei)ost 28, at east end of cut, on bench of 
granite rock, 3 feet above rail; bronze tablet stami)ed *'9G31 
COLO SP " 9, 630. 302 

Clyde, O.C mile west of station, 10 feet northeast of track, 300 yards 
west of Colorado Springs & Cripple Creek District Ry. tun- 
nel. In granite bowlder 10 by 3 by 3 feet; aluminum tablet 
stamped "93.S5 COLO SP " 9,384.423 

Love, 0.2 mile west of station. In a cut 15 feet south of track. In 
granite ledge; aluminum tablet stamped "COLO SP 9093*' 9,692.089 

Cripple Creek special quadrangle. 

TELLER COt'NTT. 

The elevations in the following list are based on an aluminum 
tablet stamped " 9494 C C " in the south wall of the National Hotel, 
Cripple Creek, the height of which is accepted as 9,493.119 feet above 
mean sea level in accordance with the preliminary 1911 adjustment 
by the Coast and Geodetic Survey. 

The leveling was done in 1904 by M. S. Bright. 

CRIPPLE CKEEK SPECIAL aUADRANOLE. 

Circuits in Cripple Creek. 

Feet. 

Cripple Creek, opposite Midland Terminal Ry. station; top of rall__ 9,517.8 

Cripple Creek, southwest corner of city hail; city bench mark 9.493.5^ 

Cripple Creek, National Hotel, 8 feet west of sonth entrance, in 

stone foundation ; aluminum tablet stamped " U4M C C " 9, 493. 119 

Cripple (Yeek, Teller County jail, in east end of stone doorsill, 

north entrance ; aluminum tablet stamped " 9508 C C " 9. 507. 529 

Cripple Creek northweit and north via Red Mountain up Spring Creek to pipe 
line, thence south via Hoosier Pass, Vista Grande, Windy Point, Elk, and 
Anaconda to Cripple Creek. 

Cripple Creek. 1.5 miles northwest of, on saddle at northeast foot 
of Mount Pisgah, 40 feet north of road forks, near line of tele- 
graph poles, in granite outcrop; aluminum tablet stamped "9454 
C C " 9, 453. 423 

Standard tunnel, 0.2 mile south of, 10 feet north of road, 50 feet 
north of Spring Creek, in rock outcrop ; aluminum tablet stamped 
"9328 C C" 9,325.911 

Standard tunnel, at mouth ; top of east rail 9, 522. 9 
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Midway dairy, 120 feet north of road, In rock outcrop; aluminum Foet. 

tablet stamped " 9817 C C " 9, 814. 798 

Midway dairy, 1 mile east of, 1 mile south of Lincoln mine. 50 feet 
east of pipe line. In triangle of roads ; iron post stamped " 10088 
C C" 10,085.694 

Hoosier Pass, between main line of Colorado Springs & Cripple 
Creek District Ry. and siding, 12 feet west of public road between 
two posts supporting Hoosier Pass signboard; iron post stamped 
** 10315 C C" 10,312.726 

Vista Grande (Midway station), 13 feet west of, near Florence & 
Cripple Creek R. R. track, 1 foot south of signpost " Vista 
Grande " ; iron post stamped " 10487 C C " 10, 484. 732 

Elkton, in south comer of stone foundation of south stack of Elk- 
ton Consolidated Mining & Milling Co. ; aluminum tablet stamped 
"9734 C C" 9,731.736 

Anaconda, 400 feet south of Midland Terminal Ry. station, 6 feet 
east of track, in wall of rock cut; aluminum tablet 8tami)ed 
"9525 C C" 9,522.799 

Anaconda, 1 mile northwest of, 450 feet north of World's Fair, 8 
feet west of Midland Terminal Ry. track, in granite outcrop; 
aluminum tablet stami)ed " 9534 C C " 9, 532. 017 

Head of Spring Greek via OlUett, Victor Pass, and Ooldfleld to Elkton. 

Gillett, 1.2 miles west of, 600 feet south of Lincoln mine, 20 feet 
west of road forks, in phonlte rock outcrop; aluminum tablet 
stamped "10021 C C" 10,019.113 

Gillett, in stone foundation of electric light plant, in west wall, 1 
foot north of southwest corner; aluminum tablet stami)ed "9940 
C C " 9, 937. 725 

Gillett, in front of Midland Terminal Ry. station; top of rail 9,932.3 

Cameron, 2 miles east of, 100 feet south of milepost 17, In granite 
wall 8 feet west of Midland Terminal Ry. track ; aluminum tablet 
stamped " 9841 C C " 9, 838. 735 

Cripple Creek Sampler & Ore Co., 425 feet east of, in Victor Pass, 
12 feet south of Midland Terminal Ry. track, 1 foot east of tele- 
phone pole; iron post stamped "10202 C C" 10,199.959 

Goldfield, north side of Ninth Street, between Main and Portland 
streets, entrance to Red Men's Hall, in west end of stone doorsill ; 
aluminum tablet stamped "9903 C C" 9,901.180 

Ooldfleld to Victor along railroad. 

Goldfleld, in front of Florence & Cripple Creek R. R. station ; top of 
rail 9, 8.S0. 8 

Stratton Junction; top of railroad frog 9,807.1 

VMctor, in front of Colorado Springs & Cripple Creek District Ry. 
station ; top of rail 9, 705. 7 

Victor, Trading & Trust Co. building, northeast comer of Dia- 
mond Avenue and Third Street, in north end of stone doorsill; 
bronze tablet stami)ed "9718 C C" 9,715.731 

Victor, in front of Florence & Cripple Creek R. R. station ; top of 

rail 9, 272. 4 

Victor, in front of Midland Terminal Ry. station ; top of rail 9, 769. 8 
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World's Fair mint Ko. 60, Anaconda, sonthwest down Cripplt Ore«k along 
third-claM road and west to Pony Gulch, thence north>northeagt to Cripple 
Creek. 

Mount, 0.5 mile southwest of, west side of Cripple Creek, 200 feet 
south of road, in granite outcrop ; aluminum tablet stamped '' 9232 Feet 

C C " 9, 229. 820 

Field's ranch, 0.8 mile southwest of, 200 feet east of road forks, on 
saddle, south side of Dead Ox Gulch, in granite outcrop; alumi- 
num tablet stamped " 9133 C C " 9. 130. 587 

Arlington dairy, 2,000 feet north of, west side of Pony Gulch, east 
edge of road, in granite outcrop ; aluminum tablet stamped " 9113 
C C " 0. 110. 835 

Cripple Creek, 1.2 miles south of, 700 feet north of powder maga- 
zines, at road forks, in granite outcrop; bronze tablet stamped 
" 9393 C C " 9, 390. 857 

Apishapa, Hepesta, and Pueblo quadrangles. 

LA8 ANIMAS, OTEBO, AND PUEBLO COUNTIES. 

The elevations in the following list are determined by primary 
leveling extended from Colorado Springs. The lines southeast from 
Pueblo were originally based upon an elevation at Pueblo determined 
from leveling of the Denver & Rio Grande Railroad, corrected to 
accord with the 1906 accepted height of a bench mark at Colorado 
Springs. The values here given, however, result from a double 
connection by the U. S. Geological Survey in 1911, and accord with 
the preliminary 1911 adjustment of the Coast and Geodetic Survey. 
Orthometric corrections have also been applied, increasing the instru- 
mental values cumulatively toward the south. 

The leveling was done in 189G by J. C. Barber, except that on the 
line from Pinyon to Pueblo, which was done in 1905 by C. I. Ander- 
son, and the connection at Pueblo in 1911 by C. P. Gross. 

PTTEBLO aXTADRANOLE. 
Pinyon along Denver ft Rio G>r&ndo By. to Pueblo.^ 

Pinyon, 0.7 mile south of, east track, In field at fence comer, at 
north boundary of M. S. Sutherland's ranch; iron post stamped Feet. 

*'5045 ADJ 1903 "-_- 5,044.050 

Pinyon, 2.5 miles south of, west of track, northwest of road cross- 
ing, opposite Sam Link's ranch house, inside field; iron post 
stamped "4962 ADJ 1903" 4,961.274 

Eden, 0.5 mile north of, west of road, inside field at fence comer; 
iron ix)st stamped "4901 ADJ 1903" 4,900. 167 

Pueblo, 3 miles north of, 6 feet north of gate at J. W. Craig's milk 
ranch ; iron post stami)ed " 4782 ADJ 1903 " 4, 781. 250 

Pueblo, 4 feet north of west entrance of Centennial schoolhouse, in 
brownstone water table; aluminum tablet stamped "4708 ADJ 
3903 " (set vertically) 4, 707. 310 

* Tills line is based on Coast and Geodetic Survey bench marks at Colorado Sprins^ 
and is cliecked by two runnings. 
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Pueblo, 5 feet south of west entrance of Centennial schoolhouse; 
square cut on northwest corner of sandstone step leading to Feet, 

basement 4, 7a3. 869 

Pueblo east alonr AtobiMn, Topeka ft S&nta Fe "Rj, to Baxter. 

Pueblo, 12 feet west of northeast comer of courthouse ; bronze tablet 

stamped " 6490 " 4, 694. 500 

Pueblo, Grand Opera House, 20 feet west of northeast corner; 

bronze tablet stamped " 4665 " 4. 669. 107 

Pueblo, north side of main entrance to city hall; cross on lintel 4, 6(;i. 09 

Baxter, 720 feet west of, between tracks of Atchison, Toi>eka & Santa 

Fe Ry. and the Missouri Pacific Ry. ; iron iK>st stami»ed " 4624 "__ 4. 628. 427 

KEPE8TA aUADRANGLE. 
Baxter east along Atohlgon, Topeka ft Santa Fe Ry. to Fowler. 

Chico, 1,000 feet east of railroad station, between Atchison, Topeka 
& Santa Fe Ry. and Missouri Pacific Ry. tracks; iron i)08t stamped 
"4W0" 4,544.927 

Boone, 2,500 feet west of Missouri Pacific Ry. station, 300 fi»et east 
of Atchison, Toi>eka & Santa Fe. Ry. milepost 599, and 52 feet 
north of Atchison, Toi)eka & Santa Fe Ry. tracks; Iron post 
8tami)ed '* 4477 " 4, 4S1. 883 

Boone, in front of Missouri Pacific Ry. telejrraph office; top of rail— 4, 470. 7 

Nepesta, 3.5 miles west of, 50 feet west of center of private road, on 
property line between Atchison, Toi)eka & Santa Fe Ry. and 
Missouri Pacific Ry. ; iron i>ost stamped " 4405 '* 4, 409. 281 

Nepesta, NW. J sec. 32, T. 21 S., R. 60 W., Atchison, Topeka & Santa 
Fe Ry. bridge across Arkansas River; 5 f(»ot below cai>stone, 15 
feet above bed of river channel, east end of north pier; bronze 
tablet stamped "4368" 4,372.310 

Fowler, 3 miles west of, NW. i sec. 12, T. 22 S.. R. 60 W., 5 f<^t 
south of corner fence post at angle in county road 600 feet south 
of Arkansas River, 150 feet south of railroad tracks; iron post 
stamped "4343" 4,347.152 

Fowler, SE. i sec. 17, T. 22 S., R. 59 W., 1,200 fe«»t west of railroad 
station, 48 feet sf»uth of Atchison, Toi)eka & Santa Fe Ry. tracks ; 
iron post stampeil "4331" 4,335.377 

Boone via Battleinake Battel to Huerfano. 

Boone, 2.2 miles southwest of. midway between road on west side of 
Huerfano River and edge of bluff bordering marsh, 200 feet south 
of bend in road, 500 feet south of row of six trees in pasture; 
copper nail In root of cottonwood tree 4,475.66 

Boone, 3 miles southwest of, 0.2 mile northwest of river, 0.5 mile 
east and slightly north of log hut at foot of mesa, 0.8 mile north- 
east of residence, 900 feet north of graveyard on roadside; wire 
nail in root of double cottonwood tree alone in pasture 4,495.66 

Boone, 4.2 miles southwest of, at side of abandoned irrigation ditch, 
0.8 mile southwest of adobe residence and brick building; spike 
in cottonwood tree at north end of row of four I 4, 517. 13 

Boone, 5 miles southwest of, 17 feet south of east quarter comer of 

sec. 27, T. 21 S., R. 62 W. ; iron i)ost stami>ed " 4532 " 4, 536. 385 
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BooDe, 6 miles eonthwest of, 700 feet enst of residence at foot of 
hill« 100 feet west of river bank ; ppike in root of tallest of a boncli Feet 

of four Cottonwood trees 4,552.88 

Boone, 10 miles southwest of, 90 feet east of west quarter comer 

of see. Id, T. 22 S., R. 62 W. ; Iron post stamped " 4099 ** 4, 703. 638 

Huerfano Bridge, sec S, T. 23 8., R. 63 W^ capstone south pier, west 
end of; copper bolt stamped " V. S. G. S. 4774 Ft B. M." 4, 778. 92T 

n. I Me. f9, T. n 8., R. W W., to Fewler. 

T. 23 S., R. 59 W., NE, i sec 29, 800 feet west of road, 1 mile west 
of Apisliapa River, on top of knoll S. 26** W. from northernmost of 
a group of three buttes on opposite side of river; iron post 
stamped "4449" 4,453.508 

Fowler, 4 miles south of, SW. i sec 4, T. 23 S^ R. 50 W., 0.5 mile 

west of river, 255 feet east of road ; iron post stamped ** 4432 "___ 4, 436. 456 

Doyle's nach to Bmtler't pastore. 

Huerfano Bridge, 1.8 miles southwest of, 75 feet east of Huerfano 
River, 35 feet west of foot of blulf 80 feet high, OJS mile south of 
resideuce in Peek*s pasture; spike in cottonwood tree 3 feet in 
diameter 4, 814. 15 

Butler's pasture, 0.8 mile southwest of Pressley's house, 250 feet 
east of Huerfano River, 40 feet east of abandoned irrigation 
trench; chiseled cross and circle on rock 2 by 3 feet 4,889.96 

T. 23 S., R. 63 W., northe^^st comer of sec 28, 15 feet south of stone, 
0.8 mile northeast of Pressley's house, 500 feet southeast of edge 
of bank of Huerfano River, 0.2 mile east of Mexican's house on 
opposite side of river, 0.2 mile west of bluff; iron post stamped 
** 4863 " - 4, 867. 515 

Haerfmno Bridge to Rattlesnake Buttes (portioii of line). 
T. 23 S., R. 63 W., sec. 31, 4 miles southeast of Huerfano Bridge, 0.8 
mile northwest of Mexican's residence, 20 feet north of gate in 
east-west fence; iron post stamped "4958" 4,962.550 

APISHAPA aiTADRAVOLE. 
Bntler's pasture southwest to see. 6, T. M B., R. 6S W. 
T. 24 S., R. 63 W., east side of sec 5, 250 feet from gate in east-west 
wire fence; copper bolt in west end of rock 20 by 12 by 2.5 feet, 

marked " U. S. G. S. 5019 Ft. B. M." 5. 023. 622 

Huerfano Bridge to Rattlesnake Buttes (portion of line). 

T. 24 S., R. 62 W., XW. I sec. 19, 35 feet west of road, 4 feet east of 
wire fence, 150 feet north of gate; iron post stamped " 5074 " 5, 078. 555 

Hog Ranch Canyon, 0.8 mile south of mouth of, 100 feet east of 
road, 75 feet west of Doyle's Arroyo, 60 feet south of north end 
of stone ledge; chiseled cross on rock 5,183.82 

T. 24 S., R. 63 W., SW. i sec. 25, 200 feet southwest of road, 1,000 
feet north of mouth of Hog Ranch Canyon; iron post stamped 
" 5194 " 5, 198. 555 

Hog Ranch Canyon, 1.8 miles southwest of crossing, 800 feet east of 
road, 8 inches above ground, south side of depression; chiseled 
cross mark on rock 5, .328. 48 

T. 25 S., R. 63 W., SE. i sec. 10, 3 miles north of south edge of 
Butler's pasture, 40 feet east of road, 0.2 mile west of canyon ; iron 
post stamped " 5514 " 5, 518. 537 
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Butler's pasture, 2.8 miles north of south edge, 150 feet west of 
road, eastern of four flat rocks; chiseled cross mark on top of. Feet 

1 foot from ground 5,574.56 

Butler's pasture, 0.5 mile north of south side, 15 feet west of road 
crossing long ledge on south side of clearing ; chiseled cross 1 foot 
south of large pine tree 5,679.66 

T. 25 S., R. 63 W., NW. i sec. 34, 300 feet southwest of gate in south 
fence of Butler's pasture, 150 feet west of road to Cucharas Junc- 
tion, 15 feet northeast of tree; copiier bolt in top of flat rock, 
stamped '* U. S. G. S. 5742 Ft. B. M." 5, 747. 0»4 

T. 26 S., R. 63 W., NE. i sec 10, 2JS miles southeast of gate in south 
fence of Butler's pasture, 30 feet east of road ; iron post stamped 
•* 5927 " . 5, 931. 632 

Battl«8iiake Buttet to Apishapa Ford. 

RatClesnake Buttes, 0.8 mile east of, SW. i sec. 22, T. 26 S., R. 
63 W., 50 feet northeast of crossroads; iron i)Ost stami)ed " 6184 "_ 6, 188. 61 

Rattlesnake Buttes crossroads, 2 miles east of, 400 feet north of 
road; chiseled cross on stone 8 inches high, 4 feet west of the 
highest of a group of six 6,095.96 

Rattlesnake Buttes crossroads, 3 miles east of, NW. i sec. 19, T. 26 

S., R. 62 W., 50 feet north of road ; iron post stamped " 6009 " 0, 013. 703 

Rattlesnake Buttes crossroads, 6.2 miles east of, SW. i sec. 15, 
T. 26 S., R. 62 W., 0.2 mile east of head of canyon, 300 feet north 
of road; copi)er bolt in rock 4 by 6 feet, 8 inches high, marked 
"U. S. G. S. 5735 Ft. B. M." 5,739.558 

Rattlesnake Buttes crossroads, 7.8 miles east of, 50 feet north of 
road, large rock, 2 feet high, split on top; cross on south end 5,618.66 

Rattlesnake Buttes crossroads, 8.2 miles east of, 35 feet south of 
road, southeast edge of a group of a dozen rocks; chiseled cross 
on northeast side of rock, 6 by 6 feet, 2.5 feet high _'__ 5,566.47 

Rattlesnake Buttes crossroads, 10 miles east of, south side of sec. 18, 
T. 26 S., R. 61 W., 650 feet north of road, on west side of group 
of large rocks about 8 feet high ; copi)er bolt In east end of rock 
6 by 10 feet, 2.5 feet high, marked ** U. S. G. S. 5444 Ft. B. M."-__ 5, 448. 675 

Apishapa Ford, 6.2 miles west of, 0.2 mile south of road, 150 feet 
south of ravine, 80 feet east of dead cedar tree, on southeast side 
of small knoll bearing several cedar trees; chiseled cross on light 
rock 5, 300. 24 

Apishapa Ford, 51 miles west of, SW. 1 sec. 15, T. 26 S., R. 61 W., 
2,000 feet south of road, 1,000 feet south of Buffalo Arroyo, on 
north, side of rock outcrop covered with cedars and pines, 100 feet 
west of tree on northeast corner of group; copi)er bolt In light 
sandstone rock 15 by 8 feet, 4 feet high; marked " U. S. G. S. 5215 
Ft. B. M.'* 5,219.658 

Buffalo Arroyo, north bank, near mouth of canyon, 20 feet north of 
bushy cedar tree, the third on north bank from road crossing be- 
low ; chiseled cross on light stone 3 by lA feet, 1 foot high 5, 041. 29 

Apishapa Ford, 2.8 miles west of, SE. i sec. 13, T. 26 S., R. 61 W., 
2,000 feet southeast of road crossing over Buffalo Arroyo, 1,000 
feet south of road; rock outcrop covered with cedars and cactus, 
160 feet southwest of northeast comer; copi^er bolt In rock 25 by 
12 by 4 feet, stamped " U. S. G. S. 4929 Ft. B. M." 4, 933, 646 
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ApishaiMi Ford, 1,000 feet northeast ot NW. 1 sec. 21, T. 26 S., R. 60 

W., 2r>0 feet southwest of r<md; bronze tablet in largest rock of Feet 

group near center of small knoll, stomped "4814" 4,818.618 

Apiiliapa Canyon north to sonthwost corner of too. 6, T. 84 B., B.. 59 W. 

Apishapa Ford, 3.5 miles northeast of, NE. i sec. 3, T. 26 S., R. 60 W., 
near mouth of canyon, 0.5 mile west of river, on narrow east-west 
ridge, 200 feet west of road ; iron i)ost stami)ed '* 4734 " 4, 738. 72 

T. 25 S., R. 60 W.. NW. i sec. 25, 1.8 miles north of adobe house, 
1.5 miles south of road crossing over Sanders Arroyo, 0.8 mile 
west of river, 35 feet west of road ; iron post stami)ed "4GG4 " 4, 668. 733 

Sanders Arroyo, 100 feet west of mouth of, 100 feet west of river; 
large wire mnl 5 feet above ground, in crotch of Cottonwood tree. 4,618.60 

T. 25 S., R. 59 W., SW. i sec. 5, 10 feet east of comer stone at 

southwest corner of section 5; iron ]H)st stamped '*4005" 4,609.436 

T. 24 S., R. 59 W., 20 feet sotithwest of northeast comer of sec. 30; 

iron post stamped "4(500" 4,6(M.43S 

T. 24 S., R. 50 W., 1,700 feet south of- northeast comer of sec 19, 

west side of knoll ; chiseled cross on small stone. 4, 611. 02 

T. 24 S., R. 51) W., southwest comer of sec. 5, on top of ridge, 0.8 
mile west of road, 1 mile south of Mustang Creek, 1 mile S. 84° 
W. of lake; iron iK>st stamped "4487" 4,491.513 

Doyloi Arroyo to Mustang Greek. 

T. 24 S., R. 62 W., north side of sec. 2.^), 1.8 miles northwest of 
dwelling house in Gili)en i>asture, 30 feet southwest of rojid to 
Puel)lo; iron post stamptHl "4!)r.S" 4,962.089 

T. 24 S., R. 61 W., east side of sec. 29, 1.5 miles east of dwelling in 
Gilpen pasture, 00 feet south of Fowler-Cucharas road; iron post 
stamiXHl "4836" 4,840.654 

T. 24 S., R. .61 W., west side of see. 24, 5 miles east of Gilpen resi- 
dence, 1 mile northwest of hou.se on Yellowbank ranch, 30 feet 
southeast of road from Fowler to Cucharas; iron post stamped 
" 4695 " 4, 699. 596 

T. 24 S., R. 60 W., NE. i sec. 17, 0.6 miles southeast of Mustang 
Creek, 0.6 mile west of east side of John Rensselaer's pasture; 
iron iK)St staniiHHl "4617" 4,621.398 

T. 24 S., R. 60 W., SE. i sec. 10, 1.5 miles east of east edge of John 
Rensselaer's pasture, 0.4 mile south of Mustang Creek, 100 yards 
south of edge of sagebrush; iron post stamped "45(>0" 4,564.375 

Gilpen pasture to Sanders Arroyo. 

T. 25 S., R. 62 W., SE. i sec. 3, 3.5 miles southwest of house in 
Gilpen pasture, 20 feet west of road to Cucharas, at gate in west 
fence of pasture; iron post stamped "5026" 5,030.7 

T. 25 S., R. 62 W., center of sec. 14, 30 feet northeast of gate on 
southeast side of the Jim Peck pasture, 0.2 mile southwest of 
Gili)en pasture; iron post stamped "5055" 5,059.677 

T. 25 S., R. 61 W., south side of sec. 16, 0.5 mile west of wire fence 

on east side of Gili^en pasture ; iron post stamped " 5012 " 5, 016. 655 
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T. 25 S., R. 61 W., NW. ^ sec. 1.% 2.8 miles east of the Twin Tepee 
Buttes, 0.8 mile nortliwest of YeIlowl)anli ranch, on east side of 
Sanders Arroyo, 1,000 feet northwest of small arroyo heading at 
Twin Tepee Buttes, on top of slight divide; iron post stamped Feet. 
" 4800 " 4, 864. 695 

T. 26 S., R. 60 W., NW. i sec. 16, 5.8 miles east of Twin Tevee 
Buttes, 0.5 mile north of Sanders Arroyo, on edge of sagebrush ; 
iron post stamped ** 4749 " 4, 753. 542 

Aplthapa Ford to Thatcher, 

Apishapa Ford, 0.8 mile south of, 20 feet from south end and 40 feet 
from west edge of long rocky stream bed running northeast; 
chisele<l cross and circle on rock 4,870.5,3 

Apishapa Ford, 4.5 miles southeast of, T. 27 S., R. 60 W.,' SE. i 
sec. 3, 0.2 mile southwest of foot of range of Sawtooth Hills, 
0.5 mile west of corner of ridge ; iron post stami)ed '* 5117 " 5, 121. 722 

T. 27 S., R. 60 W., south side of sec. 36, 1,000 feet south of head of 
Christian Canyon, 45 feet east of wagon road, rock 6 by 10 by 2.5 
feet higli, at north end of a group of dome-shaped light sand- 
stone rocks; copper bolt in north end marked "U. S. G. S. 5164 
Ft. B. M." 5,168.755 

T. 28 S.. R. 60 W., NE. i sec. 13, 2.8 miles south of head of Christian 

Canyon, 30 feet east of road; iron jmst stami>ed **5270" 5,274.842 

Thatcher, 1.5 miles north of station, T. 28 S., R. 60 W., south side 
of sec. 27, 700 feet west of road, 300 feet south of rocky arroyo, 
130 feet east of a cedar tree, in top of south end of light sand- 
stone rock 1.5 feet high; copi)er bolt marked "5360 Ft. B. M."___ 5,364.806 

Thatcher, 0.2 mile southwest of railroad station, T. 29 S., R. 60 W., 
SE. 1 sec. 4, on southeast edge of group of rocks at east end of 
loose rock dam across Timpas Crsek; copi>er bolt in northwest 
end of rock 20 by 12 by 3 feet, marked "U. S. (5. S. 5.398 
Ft B. M." 5,402.863 

Thatcher to Battleiaake Bnttet. 

Thatcher, 2 miles west of, 130 feet south of road; large wire nail 

near ground in crotch of half-dead ce<lar tree 5,556.97 

Thatcher, 3.2 miles west of, on top of mesa, 300 feet north of road ; 

nail in south side of cedar stump 5,687.91 

Thatcher, 4.5 miles northwest of, T. 28 S., R. 61 W., east side of 
sec. 35, 500 feet north of lake, 40 feet north of road; iron 
post stamped "5736" 5,740.966 

Apiflhapa Ford, 1.8 miles southeast of, at head of canyon, 100 feet 
north of road, 300 feet northwest of prospecting hole; wire nail in 
root of solitary cedar tree 5,532.09 

Apisliapa Ford, 1.2 miles southeast of, 30 feet northeast of road 

near east edge of cedar ridge; wire nail in cedar snag 5,456.51 

Apishapa Ford, NE. J sec. 20, T. 28 S., R. 61 W., 300 feet northwest 
of, 350 feet north of old corral, 1,000 feet north of Smith's aban- 
doned adobe house, at ht*ad of main canyon of the Apishapa 
River; copper bolt in rock 30 by 30 by 4 feet, 12 ft. north of 
edge, marked " U. S. G. S. 5331 Ft B. M." 5, 335. 835 
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Apisliapa Ford, 2 miles northwest of, 30 feet north of road, 200 feet 
east of rock outcrop crossing road ; chiseled cross on stone 3 by Feet. 

3 by 1 foot 5,469.01 

Aplshapa Ford, NW. i sec. 14, T. 28 S., R. 62 W., 3.5 miles northwest 
of, 300 feet north of road, 800 feet south of timbered ridge, 1,000 
feet northwest of small outcropping dike, 30 feet from west end 
of rock 120 by 20 feet, 3 feet high in center ; copper bolt marked 
*' U. S. G. S. 5548 Ft. B. M." 5, 552. 949 

T. 28 S., R. 62 W., west side of sec. 7, 1.5 miles north of cedar bluffs, 
near southwest coiner of a ledge on north side of a prominent 
draw, pile of small stone on top of rock. In south side of a flat 
sandstone rock 1 foot above ground; copper bolt marked "U. S. 
G. S. 5756 Ft. B. M.'' 5,760.804 

T. 27 S., R. 63 W., NE. i sec. 33, 8 miles south of Rattlesnake Buttes, 
0.8 mile east of crossroads, 0.5 mile northwest of abandoned cabin 
and corral, near drii)ping springs, 100 feet north of arroyo empty- 
ing in dripping spring,- 50 feet north of a similar rock 12 by 25 
by 6 feet high; copi)er bolt 8 inches above ground in light rock 
at east end of a black rock, 8 by 14 by 6 feet, marked "U. S. 
G. S. 5941 Ft. B. M." 5,945.875 

T. 27 S., R. 63 W., SW. i sec. 16, 4.2 miles south of South Rattle- 
snake Butte, 300 feet northwest of road, 300 feet southeast of 
arroyo, 1,000 feet west of head of canyon, in southeast comer of 
dark rock, 25 by 10 by 10 feet, near north side of group, 150 by 
300 feet ; copi)er bolt, 15 inches from ground, marked " U. S. G. S. 
5924 Ft. B. M." 5,929.063 

Rattlesnake Buttes crossroads. 4 miles south of, 30 feet east of 
road, 2 feet north of forked cedar tree; chiseled cross on stone 6,010. 55 

Point near Dripping Bprinr (8 miles sonth of Battlemake Bnttet) tenth and 
east to head of ApLthapa Canyon. 

T. 28 S., R. 63 W., center of sec. 9, 10 miles south of Rattlesnake 
Buttes, 2.5 miles south of crossroads, 900 feet east of north- 
south wagon road, 20 feet northeast of a pile of loose rock 5 feet 
high, in black rock, 5 by 5 by 1 foot ; copper bolt marked " U. S. 
G. S. 5930 Ft. B. M." 5, 934. 785 

T. 28 S., R. 63 W., SE. i sec. 21, 1.2 miles southwest of windmill, 
1.000 feet west of road, 2,000 feet southeast of an arroyo, 100 
feet northeast of foot of cedar bluffs, 300 feet east of a large 
slabbed rock, 20 by 8 by 4 feet, half way up the side of bluff, 
northwest side of group. In top of rock, 3 by 7 by 1 foot; copper 
bolt marked " U. S. G. S. 5957 Ft. B. M." 5, 961. 774 

T. 29 S., R. 63 W. SW. i sec. 4, 16 miles south of Rattlesnake Buttes, 
2.2 miles west of Black Summit Butte, in gap on divide, 800 feet 
wide, 300 feet northeast of small dome-shai)ed butte, 50 feet east 
of road, 60 feet west of edge of timber; Iron post stamped 
" 6224 " 6, 228. 659 

T. 29 S., R. 62 W., NE. ^ sec. 1, 3.2 miles southwest of abandoned 
adobe house, at head of Aplshapa Canyon, 0.8 mile northwest of 
Aplshajm River, top of hill 20 feet high, on east face; iron post 

stamped " 5505 *' 5, 509. 861 

Head of Aplihapa Canyon northwest to Battleinake Buttes. 

Aplshapa Canyon, 5 miles northwest of head of, 70 feet east of 
road, 0.5 mile north of arroyo; wire nail In base of solitary cedar 
tree 5, 462. 30 
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T. 27 S., R. 62 W., north side of sec. 34, east of road, 100 feet east 
of arroyo, 150 feet northwest of northwest corner of rocky ledge 
on northeast side of arroyo, triangular-shai)ed knoll, 100 feet on 
sides, 15 feet high on west side, 20 feet north of south corner; Foet. 

copper bolt marked " U. S. G. S. 5435 Ft B. M." 5, 439. 670 

T. 27 S., R. 62 W., east side of sec. 24, on southeast side of a prairie 
ridge, 1.5 miles northwest of cedar ridge, 1 mile southeast of 
canyon, 20 feet south of hofth side of group of rock, in center of 
row of six cedar trees, in top of sandstone rock, 12 by 10 by 2 
feet; copper bolt marked "U. S. G. S. 5471 Ft. B. M." 5,475.850 

T. 27 S., R. 62 W., SW. i sec 6, 2.5 miles south of Sanche I^ko, 
1,400 feet west of road, 400 feet north of arroyo, 100 feet north- 
east of solitary cedar tree, in west end of sandstone ledge, 45 
by 6 by 5 feet high, vertical on south face; copper bolt marked 
"U. S. a S. 5855 Ft B. M." 5,860.13 

Apithapa Ford east, tontli, and west to Thatcher. 

T. 26 S., R. 59 W., NB. i sec. 19, 4.5 miles east of ford at mouth of 
of Apishapa Canyon, 0.5 mile south and slightly east of lake, 30 
feet south of road, 0.5 mile west of range of yellow hills; iron 
post stamped "4877" 4,881.998 

T. 27 S., R. 59 W., center of sec. 7, 5.2 miles south of lake, 300 feet 
southwest of bluffs, 1 mile southeast of southwest comer of 
bluffs, on top of slight ridge, 30 feet from solitary cedar tree; 
Iron post marked "5166" 5,170.774 

T. 28 S., R. 59 W., NW. i sec. 20, 5.5 miles northeast of Thatcher, 
600 feet southwest of southwest end of pile bridge 62, 65 feet 
southeast of Atchison, Topeka & Santa Fe Ry. tracks ; iron post 
stamped " 5141 " 5, 145. 763 

Thatcher, 4.5 miles east of, east side of sec. 5, T. 29 S., R. 59 W., 
1,800 feet northwest of cabin, 450 feet south of wagon road, 1,000 
feet west of arroyo, 600 feet south of branch arroyo; iron post 
stamped " 5345 " 5, 349. 738 

Thatcher, 2. 2 miles east of, 500 feet northwest of Sugar Loaf Butte, 
100 feet north of road, on southeast side of timber, large wire 
nail in plnyon tree 5, 480. 43 

Thatcher, 4.8 miles southwest of, southwest comer of sec. 24, 
T. 29 S., R. 61 W., 1.4 miles northwest of Atchison, Toi)eka & 
Santa Fe Ry. tracks, 40 feet north of wagon road; Iron post 
stamped " 5612 " 5, 610. 781 

Breckenridge special quadrangle. 

SUMMIT COUNTY. 

The elevations in the following list depend on the heights of a 
precise-level bench mark at Braddock. 
The leveling was done by C. H. Semper in 1908. 

BRECKEmtlDGE SPECIAL aXTADBAHGLE. 

Braddock via Swan City to Breckonridge. 

Braddock, 90 feet south of signboard, 15 feet west of railroad track, Feet. 
in top of granite bowlder ; aluminum tablet stamped " 9242 " 9, 241. 435 
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Braddock, 3.44 miles east of, 4 feet south of road at small stream 
crossing road, in top of granite bowlder ; aluminum tablet stami)ed Feet 

" 9489 " 9, 488. 886 

Swan City, 55 feet north of road, 100 feet east of cabin at east end of 
broken-down bam, in root of pine tree; spike marked "U. S. 
B. M. 9576" 9.576.17 

Swan City, 1.09 miles east of, on south side of road where creek and 
highway come together ; rock marked " U. S. B. M. 9688 " 9, G87. 28 

Swan City. 2.05 miles east of, at Sneider*s mining camp, 55 feet 
north of highway, 65 feet east of east margin of north cabin, in 
top of granite bowlder ; aluminum tablet stamped " 9823 " 9, 822. 673 

Swan City, 2.75 miles east of, 190 feet west of forks of road, north 
of road; point in square on rock marked "IT. S. B. M. 9980** 9,979.47 

Swan City, 3.75 miles east of, Farncombe Hill, 690 feet north of 
Boss mine mill, 60 feet west of log cabin ; nail th root of pine tree ; 
board nailed to tree marked '* U. S. B. M. 10607 " 10. 006. 81 

Breckenridge, 4.78 miles east of, on top of Farncombe Hill, 20 feet 
east of road. 35 feet east of southeast end of Johnson's log cabin, 
in top of buried bowlder ; aluminium tablet stamped " 11069 " 11, 068. 747 

Breckenridge, 3.79 miles east of, upper end of Lincoln mining camp. 
75 feet west of frame house with stone foundation, 15 feet south 
of highway at end of small log cabin, point on rock; telegraph 
pole marked " U. S. B. M. 10258" 10,257.81 

Breckenridge, 2.41 miles east of, on road to Lincoln, 560 feet east 
of road running northeast, 15 feet south of road, in large granite 
bowlder; aluminum tablet stami)ed **9!)40" 9,940.069 

Breckenridge, 1.2 miles east of, south of highway, 110 feet north of 
white frame house ; point on rock marked " U. S. B. M. 9709 "-_ 9, 70S. 52 

Glenwood Springs^ Leadville, Mount Jackson, and Snowmass Monntain 30' 

quadrangles. 
EAGLE, GARFIELD, LAKE, AND PITKIN COUNTIES. 

The elevations in the following list were determined by primary 
leveling extended from bench marks at Glenwood Springs and Lead- 
ville, on the precise-level line from Denver. 

The leveling was done in 1909 by F. J. McMaugh. 

OLEKWOOD SPRIKGS QUADRANGLE. 
Glenwood Springs louthoast along Denver & Rio Gr&nde R. R. to OardilT. 

Glenwood Springs, main entrance to Colorado Hotel, In face of stone Feet, 

column; aluminum tablet stamped "57G4" 5,763.226 

Glenwood Springs, at highway bridge; surface of water, May 22, 
1909, at 8.50 a. m 5,727.3 

Glenwood Springs, 2.9 miles southeast of, 360 feet south of grain 
shed near road forks and about midway between railroad and 
upper road, in red sandstone bowlder; aluminum tablet stamped 
" 5867 1909 " 5. 866. 181 
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SVOWMASS MOTTNTAIK aTTADRAHOLE. 

Cardlir Mutlieait along Denver ft Rio Grande R. R. via Carbondale and Emma 
to point 1.8 milei eait of Junction of Denver ft Rio Grande R. R. and Colo- 
rado Kidland Ry. 

Glenwood Springs, 6.1 miles southeast of, 1,650 feet southeast of 
milepost D-366, 10 feet west of track, on large red sandstone Feet, 
bowlder painted "5964 B. M." ; chisel mark 5,908. 28 

Glenwood Springs, 6.7 miles southeast of, 525 feet west of railroad 
crossing, 15 feet north of track, 6 feet west of small cedar tree, 
in ledge; aluminum tablet stamped *'5087 190J>" 5.085.750 

Carbondale, 2.4 miles northwest of, 50 feet west of public road, 50 
feet east of track, in large bowlder; aluminum tablet stamped 
" 6086 1909 " 6, 084. 815 

Carbondale, in front of railroad station, opposite telegraph window ; 

top of north rail 6, 171. 1 

Carbondale, at northwest corner, in north face of I. O. O. F. build- 
ing; aluminum tablet stamped "6181 1909" 6,180.377 

Carbondale, 3 miles east of, 90 feet north of railroad, east end of 
south abutment of highway bridge over Roaring Fork ; aluminum 
tablet 8tami)ed " 6278 1909 " — 6, 276. 845 

Leon, 800 feet east of station, 65 feet southwest of switch stand, in 
small flat bowlder; aluminum tablet stamped "6430 1909" 6,429.418 

Emma, in south face at southeast corner of Emma Mercantile Co.'s 
building; aluminum tablet 8tamrx?d "6006 1J)09" 6,605.264 

Junction of Denver & Klo Grande K. K. and Colorado Midland Ry., 
0.6 mile east of, 340 feet west of mlleiwst D-386, 50 feet north of 
track, in large bowlder; aluminum tablet stami)ed "6854 1909 "_- 6,852.865 

Junction of Denver & Rio Grande R. R. and Cx)loVado Midland 
Ry., 1.8 miles east of, 490 feet east of milepost D-387, 50 feet east 
of road crossing, 10 feet north of track, on rod sandstone 
bowlder marked "6895"; chisel mark 6,804.^ 

Junction of Denver ft Rio Grande R. R. and Colorado Midland Ry. along Oolo- 
rado Midland Ry. northwest to Basalt, thence 3.6 miles east. 

Basalt, at northwest comer on west side of public school build- 
ing, in stone foundation ; aluminum tablet stamped " 6625 1909 "__ 6, 624. 070 

MOTTKT JACKSON QITADRANGLE. 

Point 8.7 miles east of Junction of Denver ft Rio Grande R. R. and Colorado 
Midland Ry. southeast along former to Aspen, thence northwest along latter 
to Snowmass. 

Junction of Denver & Rio Grande R. R. and Colorado Midland 
Ry., 4.6 miles east of, 540 feet west of mllei)ost I) 390, 25 feet 
north of track, in small granite bowlder; aluminum tablet 
stamped "7068 1909" 7,066.864 

Woody Creek, at station, 120 feet northwest of road crossing, 90 feet 
north of water tank, in Iwwlder; aluminum tablet stamped "7275 
1909 " 7, 274. 709 

Woody Creek, 1.8 miles east of, 7 feet east of track, on granite 
bowlder; chiseled square marked " 74(n " 7.460.54 

Woody Creek, 2.4 miles southeast of, 30 feet southwest of track 
and al)OUt 1,000 feet west of Gray*s ranch house, in large bowlder; 
aluminum tablet stamped " 7516 1009 *' 7. 514. 769 
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A8pen, 2.5 miles northweBt of, 50 feet west of milepost D 399, 15 
feet south of track, in ledge; aluminum tablet 8tami)ed "7676 Feet 

1909 ** 7, 675. 720 

Aspen, 1.2 miles northwest of, 40 feet south of signpost ** Station 
1 mile," 20 feet west "of tracic, on granite bowlder marl^ed 
" 7792 " ; chisel mark ^ 7, 791. 41 

Aspen, opposite Denver & Uio Grande R. R. station, east rail of 
main track; marked "7871** 7,870.6 

Aspen, Pitkin County courthouse, in south face, at southwest cor- 
ner; aluminum tablet stami)ed "7909 1909" 7,908.145 

Aspen, opiK)8ite doorway under sign " A8i)eQ " at station ; top of 
north rail of north track 7,936.0 

Aspen, 4.4 miles northwest of, Stapleton's ranch, 100 feet south of 
south end of siding, 10 feet east of track, on small bowlder, 
marked "7728"; chisel mark 7. 727.4S 

A8i)en, 5.5 miles northwest of. west side and 8 feet south of north 
end of trestle over dry gulch ; top of bolt in guard rail, marked 
" 7627 " 7, 026. 61 

Rathbone, in front of station; top of east rail 7,488.5 

Watson*s, at road crossing*; top of north rail, marked "7148" 7,147.9 

Watson's, 1.2 miles northwest of, 850 feet northwest of milepost 7, 
20 feet north of track, on red sandstone bowlder, marked " 7048 
B. M."; chisel mark 7,047.51 

Watson's, 3.7 miles northwest of, 10 feet south of track, on bowlder, 

marked "6913 B. M."; chisel mark 6,912.01 

Snowmass, opposite center of platform; top of south rail, maiked 
"68S1 " 6,880.9 

Point 8.6 milea east of Baialt toutheast alony Colorado Midland By. to Bnak 

tunnel. 

Basalt, 3.0 miles east of, 240 feet east of milepost 182, 10 feet north 
of track, in ledge ; aluminum tablet stamped " 6901 1909 " 6, 900. 295 

Castles, opimsite platform; top of north rail, marked "6959"__ 6,958.0 

Castles, 1.8 miles east of, 60 feet west of milei)08t 179, 40 feet north 

of track, in ledge; aluminum tablet stami)ed "7027 1909" 7,026.238 

Peachblow, opi)osite station signboard; top of south rail 7,009.1 

Sloss, in west face at southwest comer of E. P. Sloss's house ; alumi- 
num tablet stamped "71S0 1909" 7,179.980 

Hopkins Spur, 0.2 mile east of, 200 feet west of milepost 174, 20 
feet south of track, in large bowlder; aluminum tablet stamped 
" 7350 1909 " 7, 349. 034 

Ruedi, 510 feet west of station, 85 feet north of main track, in south 
face of chimney of hotel; aluminum tablet stamped "7563 
1909 " 7, 563. 000 

Rue<li, in front of station; top of north rair of main track, marked 
" 7570 " 7, 569. 5 

Meredith, in front of station ; top of north rail, marked " 7777 " 7, 777 

Meredith, 60 feet northwest of milepost 167, 45 feet north of track, 
about 100 feet south of old hotel building, in bowlder ; aluminum 
tablet stamped "7773 1909" 7,772.500 

Thomasville, 140 feet northeast of station, in bowlder; aluminum 
tablet stamped " 7970 1909 " 7, 969. 676 
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Feet. 
Muckawango, iu front of station ; top of north rail, marked " 8242 "_ 8, 241. 7 
Norrle, 70 feet northeast of road crossing, 90 feet northwest of station 

platform, 40 feet southwest of post office, in bowlder; aluminimi 

tablet stamped " 8444 1909 "__ 8, 443. 77« 

Norrie, in front of station platform; top of south rail, marked 

** 8440 " 8, 439. 4 

Nast, 35 feet northwest of station, 20 feet north of track, in bowlder ; 

aluminum tablet stami)ed '* 9060 1909 " 9. 059. 483 

Sellar, 970 feet north of station, 90 feet north of main track, 40 feet 

east of section house, in bowlder; aluminum tablet stamped 

•* 9609 1909 " 9, 609. 112 

Sellar, opposite station ; south rail of main track, marked " 9604 "« 9, 603. 4 
Mallow, 90 feet southeast of, 20 feet south of side track, in large 

bowlder; aluminum tablet stami)ed "10170 1909" 10,170.000 

Brockway, 0.4 mile east of, 470 feet east of miletx)8t 147, 15 feet 

north of track, in bowlder ; aluminum tablet stamped ** 10570 

1909 " ^ 10. 569. 576 

Ivanhoe, in front of station ; top of south rail, marked ** 10936 " 10, 936. 4 

Ivanhoe. 220 feet southeast of station, 170 feet south of track, in 

large bowlder; aluminum tablet stamped "10930 1909" 10,929.719 

LEADVnXE aTTADRANOLE. 
Busk eatt along Colorado Kidland Ry. to LoadTille. 

Busk, in front of station; top of south rail 10,790 

Busk, 170 feet southeast of railroad station, 150 feet south of track ; 
point on large bowlder, marked "10791 B.M." (probably railroad 
bench mark) 10.790.20 

Busk, 1.6 miles east of, 275 feet west of milepost 140, 10 feet south 

of track, in ledge; aluminum tablet stamped "10541 1909" 10,541.249 

Arkansas Junction. 3.5 miles west of, 190 feet west of milepost 137, 7 
feet south of track, in ledge; aluminum tablet stamped "10080 
1909 " 10. 080. 151 

Arkansas Junction, 60 feet north of track, 720 feet north of station. 
8 feet west of west fence of stock pen, in bowlder; aluminum 
tablet stamped "9697 1909" 9,696.869 

Elkhead, HahBS Peak, Lay, Meeker, North Park, Pagoda, Rabbit Ears, and Rifle 

quadrangles. 

GARFIELD, RIO BLAldCO, AND ROUTT COUNTIES. 

The elevations in the following list were determined by primary 
leveling extended from a precise level bench mark at Rifle. Ortho- 
metric corrections have been applied and adjustment made to accord 
with corrected primary level elevations in Wyoming. 

The leveling was done in 1910 by C. H. Semper, except that in the 
northern portion of the Elkhead quadrangle, which was done by 
Donnell Miller in 1901 and by P. W. McMillan in 1910, and that in 
the North Park quadrangle, which was done by Donnell Miller in 
1901. 

97938**— Bull. 486—11 5 
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BITLE aVADEAVeUS. 
Blfle north along highway to point B.6 mllM lonth of Xeaker. 

Rifle, Denver & Rio Grande R. R. station, 35 feet north of west end, 
in top of concrete manhole at margin of highway ; aluminum tab- Feet, 
let stamped " 5302 " 5. 300. 876 

Rifle, 2.2 miles north of, on west side of road, 300 feet south of 

ranch house ; spike in telegraph pole, marked " 5469 " 5, 468. 109 

Rifle, 3.2 miles north of, 60 feet south of J. C. Cook's ranch house 
yard fence comer, 15 feet east of road, In top of rock ; aluminum 
tablet stamped " 5544 " 5, 542. 530 

Rifle, 4.3 miles north of, on east side of road ; spike in base of tele- 
phone pole, marked "5606" 5,604.956 

Rifle, 5.3 miles north of, on east side of road; spike in second tele- 
phone pole south of wire fence, marked "5709" 5,708.336 

Rifle, 6.3 miles north of, 0.3 miles north of Howard Coulter's house, 
on west side of road, in front face on pile of rock ; aluminum tablet 
stamped " 5812 " 5, 811. 341 

Rifle, 7.4 miles north of, fourth telephone pole south of milepost 8, 
on west side of road ; spike in telephone pole, marked " 5944 " 5, 942. 588 

Rifle, 8.3 miles north of, on east side of road; spike in first tele- 
phone pole south of milepost No. 9, marked " 6035 " 6, 033. 658 

Rifle, 9.5 miles north of, 600 feet north of milepost 10, 5 feet west of 
road, 50 feet west of telephone pole, point of hill comes close to 
road in top of bowlder, 6 inches above ground; aluminum tablet 
stamped " 6182 " 6, 180. 941 

Rifle, 10.6 miles north of, on west side of road, 50 feet south of creek 
crossing; spike in telephone pole, marked "6315" 6,314.329 

Rifle, 11.4 miles north of, first telephone pole north of Reese's 
ranch house, on west side of road ; spike in telephone pole, marked 
" 6423 " 6. 422. 313 

Rifle, 11.9 miles north of, 1050 feet south of milepost 13, at top of 
rise and angle in road to west, 5 feet east of road, in top of large 
bowlder; aluminum tablet stamped "6531" 6,529.616 

Rifle, 13.0 miles north of, at milepost 14; spike in telephone pole, 
marked " 6658 " 6, 657. 311 

Rifle, 14 miles north of, 390 feet south of milepost 15, 20 feet south 
of bridge, on west side of road, top of bowlder; chiseled square 
marked " U. S. B. M. 6863" 6,861.571 

Rifle, 15.3 miles north of, 475 feet north of milepost 16, on west 
margin of road, In top of 5 by 5 foot bowlder; aluminum tablet 
stamped " 7050 " 7, 048, 726 

Rifle, 16.1 miles north of, north of milepost 17, 30 feet east of road, 
top of bowlder ; chiseled square marked " U. S. B. M. 7333 " 7, 332. 000 

Rifle, 17 miles north of, spike in first telephone pole north of mile- 
post 18, marked "U. S. B. M. 7440" -7,438.430 

Rifle, 17.7 miles north of, spike in second telephone pole south of 
milepost 19, marked "7320" 7,318. 840 

Rifle, 18.7 ml leg north of, southeast comer of yard fence of J. A. 
Alley**! rnru'h Uouio (Rloblanco post ofllce). In top of stone post; 
ahimlnum t«bUM wtflinrjed "7196" 7,194.920 

Rloblnnoii ( AllttyV rimch). 0.9 mile north of; spike In first telephone 
pol^ »0Utb vl wUn»«»»t 21, marked ** 72« "— — ,• 7, 2i^. 9T^ 
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Rioblanco, 1.6 miles north of, T50 feet north of angle in road to west, 
8 feet east of road, in top of large bowlder; aluminum tablet Feet 
stamped " 7265 " 7, 264. 128 

Rioblanco, 3.3 miles north of; spike in base of telephone pole, 
marked " 7283 " 7, 281. 551 

Rloblanco, 4 miles north of, on west side of road; spike in second 
telephone pole north of milepost 20, marked " 7193 " 7, 191. 958 

Rioblanco, 5 miles north of, in front of Engstrands ranch house, at 
gate leading to corral, in top of stone post; aluminum tablet 
stamped " 7210 " 7, 209. 060 

Rioblanco, 6.4 miles north of, 2 posts set at culvert in road at foot of 
hill ; spike in base of east post, marked " 7156 " 7, 154. 307 

Rioblanco, 7 miles north of ; spike in second telephone pole north of 
milepost 17, marked "7113" 7,112.156 

Rioblanco, 7.8 miles north of, 270 feet northeast of milepost 16, 310 
feet east of road, near summit of hill, top of rock ; aluminum tab- 
let stamped " 7216 " 7, 214. 602 

Rioblanco, 9 miles north of, 1,500 feet north of milepost 16, west side 
of road ; spike in telephone pole, marked " 7213 " 7, 211. 384 

Rioblanco, 10.3 miles north of, directly opposite Balance Rock ; spike 
in telephone pole, marked "7067" 7,065.995 

Rioblanco, 10.5 miles north of, 50 feet south of milepost 13, 100 feet 
east of road, in top of bowlder ; aluminum tablet stamped " 7036 " 7, 035. 043 

Rioblanco, 11.7 miles north of, near top of small rise, at base of tele- 
phone pole, top of rock ; chiseled square marked " U. S. B. M. 
6942 " 6, 941. 089 

Rioblanco, 12.4 miles north of; spike in first telephone pole south of 
milepost 11, marked "6843" 6,841.729 

Rioblanco, 13.3 miles north of, spike in second telephone pole south 

of milepost 10, marked " IT. S. B. M. 6785 " 6, 784. 052 

Rioblanco, 14.3 miles north of, 180 feet north of milepost 9, 300 feet 
northeast of Grove's ranch house, 12 feet east of road, in top of 
bowlder; aluminum tablet stamped "6699" 6,697.623 

Rioblanco, 15.5 miles north of, east side of road, in big flat ; spike In 

telephone pole, marked " U. S. B. M. 6540 " 6, 538. 347 

Rioblanco, 16.5 miles north of, near eleventh telephone pole north of 
milepost 7, 150 feet east of road, in west face of one of three bowl- 
ders, 55 feet long by 20 feet high; aluminum tablet stamped 
" 6488 " 6, 486, 901 

Meeker, 5.6 miles south of, 200 feet north of milepost 6, 15 feet east 

of road, top of rock ; chiseled square marked " U. S. B. M. 6395 " 6, 394. 060 

MEEKEB aTTADKAVOLE. 

Point B.6 mllei louth of Meeker along highway via Axial to Oraig. 

Meeker, 4.6 miles south of, opposite milepost 5; spike in telephone 

pole, marked " U. S. B. M. 6259 " 6, 257. 471 

Meeker, 3.6 miles south of, east side of road ; spike in second tele- 
phone pole north of milepost 4, marked " U. S. B. M. 6142 " 6, 140. 599 

Meeker, 3.3 miles south of; floor of south end of bridge over White 

River 6, 127. 7 

Meeker, 3.2 miles west of, at east gate to cross L (L) ranch, owned 
by U. S. Montgomery, 4 feet north of north gate post, in top of 
Stone post; aluminum tablet stamped "6150" • 6.149.220 
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Meeker. 1.8 miles west of, 60 feet east of milepost 2, south margin of Feet 
road on rock; chiseled square marked " U. S. B. M. 6221 " 6, 219.807 

Meeker, 1 mile west of, at forks of road, at base of telephone pole; 
chiseled square, top of rock marked " U. S. B. M. 0247 " 6, 245. 972 

Meeker, front face of Meeker Hotel; aluminum tablet stamped 
'* 6240 " 6, 238. 943 

Meeker, 2.4 miles north of; spike in telephone pole 15 feet east of 
road, marked "U. S. B. M. 6466" 6,464.288 

Meeker, 3.1 miles north of, at top of small rise, west margin of road, 
at wire fence, In top of stone post; aluminum tablet stamped 
" 6578 " _• - 6, 576. 562 

Meeker, 4.1 miles north of, on east side of road ; spike in telephone 
pole, marked " U. S. B. M. 6781 " ^ . 6. 779.999 

Meeker, 5.6 miles north of, at lane leading Into W. H. Miller's ranch 
house, north angle, east side, in top of rock; aluminum tablet 
stamped " 6777 " 6, 776. 190 

Meeker, 6.8 miles north of, east side of road; spike in second tele^ 
phone pole north of smaU reservoir, marked " U. S. B. M. 6900". 6, 898.292 

Meeker, 7.8 miles north of, at base of third telephone iwle north of 
milepost 8; painted square on rock marked "U. S. B. M. 6985"— 6,983.184 

Meeker, 8.5 miles north of, at southeast comer of ranch-house yard 
of Harp & Moulton, in top of stone post; aluminum tablet 
stamiHHl " 7051" 7,049.816 

Meeker, 9.8 miles north of, on south slope of Nlnemile Hill, 50 feet 
south of culvert west margin of road, top of rock ; chiseled square 
marked " U. S. B. M. 7279 " 7, 277. 964 

Meeker, 10.3 miles north of, on summit of Nlnemile Hill, 15 feet 
east of old road and between roads, top of stone post; chiseled 
square marked " U. S. B. M. 7496 " 7. 494. 204 

Meeker, 11.5 miles north of, 1.2 miles north of Nlnemile Hill, at top 
of small rise, 10 feet east of road, in top of stone post; aluminum 
tablet stamped '* 7403 " 7. 401. 899 

Meeker, 12.4 miles north of, 8 feet west of road, top of rock ; chiseled 
square marked " U. S. B. M. 7219 " 7. 218. 024 

Meeker, 13.5 miles north of, at gate leading into J. Freund*s ranch 

house, top of rock ; chiseled square marked " U. S. B. M. 7108 "»_ 7, 106. 944 

Meeker, 14.6 miles north of, 1 mile north of J. Freund's ranch, at 
bridge across creek. 30 feet west of bridge, 25 feet south of wire 
fence, top of stone post ; aluminum tablet stamped " 6910 " 6, 908. 319 

Meeker, 15.8 miles north of, spike in telephone pole on west side of 
road, marked " U. S. B. M. 6805 " L 6, SOa 436 

Meeker, 16.6 miles north of, 0.3 mile north of James's ranch ; spike 
in telephone pole, marked " U. S. B. M. 6740 " 6, 738. 714 

Axial, 3.4 miles south of, 1.6 miles south of Joe Collums's, directly 
ojwslte small log cabin, in meadow, at fence line, in top of stone 
post; aluminum tablet stamped "6661" 6,659.560 

Axial, 2.5 miles south of, 0.7 mile south of Joe Collums's, south of 
sharp angle in road, on west margin at fence line, top of large 
rock ; chlselecl square marked " U. S. B. M. 6616 " 6, 614. 676 

Axial, 1.8 miles south of, directly opposite Joe CoUums's ranch 
house, In highway, top of stone post; aluminum tablet stamped 
" 6587 " . 6, 585. 887 

Axial, at northwest comer of J. W. Huguss's old store, top of sUme 
post; aluminum tablet stamped "6460" 0,458. 741 
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Axial, 1 mile nortli of, at forks of road, at top of hill ; spike in tele- Feet 

phone pole, marked "U. S. B. M. 6500" 6,498.872 

Axial, 2 milee east of, on east slope of hill ; spike in telephone pole, 

marked "U. S. B. M. 6499" 6,497.147 

Axial, 3.8 miles east of, 160 feet east of bridge over Milk Creek, 10 

feet north of road, in top of stone post; aluminum tablet stamped 

" 6241 " 6, 239. 162 

Axial, 5 miles east of, on east slope of hill ; spike in telephone pole 

marked " U. S. B. M. 6285 " 6, 283. 333 

Axial, 5.8 miles east of, 0.6 mile west of Iles's ranch house, on north 

side of road ; spike in telephone pole marked *• U. S. B. M. 6258 "» 6, 256. 728 
Axial, 6.4 miles east of, at gate leading into T. H. Iles's ranch, at 

fence, top of stone post ; bronze tablet stamped " 6272 " 6, 270. 374 

Axial, 7.4 miles east of; spike in telephone pole 12 feet inside of 

fence, marked *' TJ. S. B. M. 6294 " 6. 293. 040 

Axial, 8 miles east of, on west slope of hill ; spike in telephone pole 

marked " U. S. B. M. 6370 " 6, 368. 344 

Axial, 9 miles east of, 2.7 miles east of Iles*s ranch, at top and south 

side of small rise, in top of stone post; aluminum tablet stamped 

" 6525 " 6, 523. 716 

Axial, 10.2 miles east of, 0.5 mile west of stage station, at division 

wire fence, top of stone post ; chiseled square marked " U. S. B. M. 

6509 " 6, 508. 042 

Axial, 11 miles east of, at angle in road to north, in north comer 

fence post ; spike marked " U. S. B. M. 6494 " 6, 492. 838 

Axial, 11.5 miles east of, at top of summit, north side of road, top of 

stone post ; chiseled square marked " U. S. B. M. 6622 " ^ 6, 620. 122 

Axial, 12 miles east of, 2.3 miles south of Williams Fork, at top of 

summit, 12 feet east of road, top of stcme post ; aluminum tablet 

stamped " 6712 " 6, 710. 774 

Axial, 13.2 miles east of, 1.2 miles south of Williams Fork, on west 

margin of road, top of rock ; chiseled square marked " U. S. B. M. 

6466 " 6, 464. 827 

Williams Fork (Hamilton's ranch), south side of river, 10 feet east 

of abutment; iron post stamped " 6238 " (supposed to be Reclama- 
tion Service bench mark) 6,235.325 

Axial, 16.8 miles east of, in canyon on west margin of road, top of 

rock ; chiseled square marked " U. S. B. M. 6255 " 6, 253. 464 

Axial, 17.8 miles east of, 200 feet north of alfalfia field, on north 

margin of road, top of large bowlder; chiseled square marked 

"U. S. B. M. 6223" 6,221.529 

Axial, 18.2 miles east of, at gate leading into Gteorge Pitchford's 

ranch house, 10 feet east of gate, 10 feet north of wire fence, in top 

of large bowlder ; aluminum tablet stamped " 6225 " 6, 223. 031 

Axial, 19.3 miles east of, on west margin of road, 20 feet north of 

wire fence comer, top of rock ; chiseled square marked " U. S. 

B. M. 6178" 6,176,691 

Axial, 21.1 miles east of, at top of hill, 0.5 mile east of Williams 

Fork Creek at angle in wire fence, top of stone post; aluminum 

tablet stamped "6449" 6,447.188 

Axial, 22.5 miles east of; spike in telephone pole where line crosses 

road, marked " U. S. B. M. 6383 " 6, 381. 450 

Axial, 23.7 miles northeast of, 100 feet north of bridge, on west side 

of road ; spike in telephone iK)le, marked ** 6276 " 6, 274. 637 
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Craig, 5.1 miles south ot at gate leading into Big Bottom ranch, at Feet. 

fence line, top of stone post; aluminum tablet stamped ** 6206 " 6, 204. 572 

Craig, 4.4 miles south of, 125 feet east of road; spike in telephone 

pole, marked " U. S. B. M. 6311 " 6, 309. 197 

Craig, 2.8 miles south of, about 1,000 feet south of sunmiit, east side 

of road in top of stone post; aluminum tablet stamped " 6422 ** — 6, 420. 898 
Craig. 1.6 miles south of, at forks of road up hill, on east side, at 

gate ; spike in telephone pole, marked " U. S. B. M. 6190 ** 6, 188. 481 

Craig, 1.4 miles south of Bear River, under bridge; surface of water, 

September 30, 1910 6, 175. 9 

LAT aTTAD&AKOLE. 
Oraig along highway eait 8.8 milet. 

Craig, front face town hall ; aluminum tablet stamped ** 6191 " 6, 191. 996 

Craig, 0.9 mile east of, at angle in road to southeast; spike in tele- 
phone pole, marked " U. S. B. M. 6201 " 6, 202. 252 

Craig, 2.1 miles east of, at summit of small rise, south side of road ; 
spike in telephone pole, marked " U. S. B. M. 6319 " 6, 317. 21S 

Craig, 2.8 miles east of, at summit of hill, on south side of road, top 
of stone post; aluminum tablet stamped "6377" 6,375.886 

ELKHEAD aTTAD&AKOLE. 

Point 8.8 miles eait of Oraig along highway east to point 4 milei west of Bear 

Kiver. 

Craig, 4.2 miles east of, 350 feet east of small log cabin, on south 

side of road; spike in telephone pole, marked " U. S. B. M. 6244 ". 6, 242. 825 

Craig, 6.6 miles east of, iron bridge over Elkhead Creek, west abut- 
ment, south side wing wall, top of; aluminum tablet stamped 
" 6239 " 6, 237. 709 

Craig, 7.4 miles east of, 0.8 mile east of Elkhead Creek, on south 
side of road ; chiseled square top of bowlder, marked " U. S. B. M. 
6244 " 6, 242. 887 

Craig, 8.6 miles east of, 2 miles east of Elkhead Creek, south side of 
road at comer of wire fence; g^ike in telephone pole, marked 
"U. S. B. M. 6314" 6,312.738 

Craig, 9.5 miles east of, 2.9 miles east of Elkhead Creek, at gate 
leading into lower Cary ranch, 6 feet east of, top of stone post; 
aluminum tablet stamped "6314" 6,312,084 

Craig, 10.4 miles east of, 3.8 miles east of Elkhead Creek, where road 
turns up horseshoe bend, on north side of road; spike in tele- 
phone pole, marked "U. S. B. M. 6279" 6.277.068 

Smith's ranch northwest along highway to Honnold, on Wyoming line. 

Palmer's ranch, 600 feet northeast of house, south end of rocky 
ridge, east edge of road ; set in large granite bowlder ; aluminum 
tablet stamped " 7722 " 7, 723. 573 

Gardner's ranch, 150 feet south of house, north edge of road ; iron 
post stamped " 7024 " 7, 025. 473 

Hancock's ranch, 0.2 mile southwest of house, in river bottom, 400 
feet south of river, 200 feet north of road, in rock 6 by 4 and 2 
feet high ; aluminum tablet stamped *' 6953 " 6, 954. 458 
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Note. — The following bench marks were established by a spur line 
run by Donnell Miller in 1901 from the Encampment special (Wyo.) 
quadrangle. 

Baliibniy'i ranoh along waffoa road np Snake Eiver via Honnold post ofloe to 

SUter Park. 

Honnold, at front gate to post otQce, 5 miles east of Salisbury's 
ranch, NW. i of sec. 15, T. 12 N., R. 87 W., in sandstone ; bronze Feet, 

tablet stamped "6851 LARAMIE'' 6,852.116 

Honnold, 4.1 miles south of, stone 50 feet east of south* comer of 
Fleming's cabin, sec. 33, T. 12 N., R. 87 W., 200 feet east of road ; 
bronze tablet stamped " 7008 LARAMIE " 7, 009. 089 

Honnold, 6.6 miles south of, stone set In ground 50 feet west of 
road at crossing of Willow Creek, at point where roads fork to 
Slater post office and Slater Park ; bronze tablet stamped ** 7191 
LAILVMIE " . 7, 192. 411 

Honnoid, 9.8 miles south of, 40 feet east of road, about 1 mile north 
of divide at Ck>lumbus Mountain, in stone; bronze tablet 
stamped "8306 LARAMIE" 8,307.369 

Note. — ^The following bench marks were established from leveling 
in the Medicine Bow (Wyo.) quadrangle by Donnell Miller In 1901. 

HOBTH PABK aVAD&AKOLE. 

Point 8.6 milea lOQthweat of Mountain Home lonthwett to Pinkhampton, tkenoe 
northwest to Colorado- Wyoming State line. 

Mountain Home, 3.6 miles southwest of, 50 feet east of road, 10 
feet south of fence comer at ranch, between telephone poles 1576- 
1577 ; iron post stamped " 8611 LARAMIE " 8, 612. 123 

Mountain Home, 6.5 miles southwest of, 50 feet east of road, 10 feet 
west of telephone pole 1683, 500 yards east of ranch house; iron 
post stamped "8437 LARAMIE" 8,438.141 

Pinkhampton, 30 feet north of post office, 7 feet north of road ; iron 

post stamped " 8033 LARAMIE " , 8, 034. 1 10 

Pinkhampton, 4 miles northwest of, 50 feet east of Platte River, 200 
feet north of ford across same, 10 feet east of road, Iron post 
stamped " 7831 LARAMIE " 7. 831. 956 

Pinkhampton, 6.5 miles northwest of, top of small divide, 30 feet 

north of road ; iron post stamped " 7952 LARAMIE " 7, 953. 104 

Pinkhampton, 9 miles northwest of, 20 feet north of county road, be- 
tween telephone poles 3097-3098; iron post stamped "7990 
LARAMIE " 7, 990. 986 

PAGODA aTTADKAVOLE. 
Point 4 milei weit of Bear River east along highway to Pool. 

Elkhead Creek, 4.7 miles east of, at summit of hill, north side of 

road ; spike in telephone pole, marked U. S. B. M. 6440 " 6, 43a 778 

Elkhead Creek, 5.7 miles east of, at upper Cary ranch, at east comer 
of fence, at iron gate leading Into ranch, top of stone post; alu- 
minum tablet stamped " 6325 " 6, 323. 222 
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Elkhead Creek, 7.3 miles east of, at forks of road to Hayden, 200 
feet south of fork ; spike in telephone pole, marked " U. S. B. M. Feet 

6302 " 6,390. 860 

Bear River, bridge over, top of north abutment west wing wall; 
aluminum tablet stamped " 6308 " 6, 306. 109 

Bear River ; surface of water under bridge, October 8, 1910 6, 294. 3 

Bear River, 1.1 miles east of, at west comer of wire fence around 
green house ; spike in telephone pole, marked " U. S. B. M. 6232 '*__ 6,230. 090 

Hayden, 1.3 miles west of, on north side of road ; spike in telephone 
pole, marked " U. S. B. M. 6334 " 6, 332. 829 

Hayden, southeast comer foundation of town pump ; aluminum tab- 
let stamped " 6351 " 6, 349. 262 

Hayden, 1 mile east of, north side of road ; spike in telephone pole, 
marked " U. S. B. M. 6370 " 6, 368. 597 

Hayden, 2.3 miles ^st of. In front of Mrs. A. S. Williams house, 
north side of road ; spike in telephone pole, marked " U. S. B. M. 
6395 " - 6, 393. 372 

Hayden, 3 miles east of, at road to north, northwest comer of fence, 
in top of stone post ; aluminum tablet stamped " 6406 " 6, 404. 073 

Hayden, 4.3 miles east of, north side of road ; spike In telephone pole, 
marked ** U. S. B. M. 6407 " 6, 405. 939 

Hayden, 4.8 miles east of, at forks of road leading to river bridge, 
north side of road ; spike in telephone pole, marked " U. S. B. M. 
6418 " 6, 416. 764 

Hayden, 5.7 miles east of, north end of bridge over Bear River, 40 
feet east of river, 30 feet east of road, in top of stone post; alu- 
minum tablet stamped " 6406 " 6, 404. 972 

Hayden, 8.1 miles east of, in canyon, on east margin of road, top of 
rock ; chiseled square marked " U. S. B. M. 6462 " 6, 460. 547 

Hayden, 8.9 miles east of, 650 feet northwest of small wooden road 
bridge, at sharp curve in road, 15 feet north of road, in top of 
stone post ; aluminum tablet stamped " 6491 ** 6, 480. 868 

Hayden, 10 miles east of, 600 feet east of old log cabin on north 
margin of road, top of bowlder ; chiseled square marked " U. S, 
B. M. 6448" 6,446.187 

Hayden, 10.6 miles east of, nt comer of wire fence, on south side of 
road, top of bowlder ; chiseled square marked " IT. S. B. M. 6448 "_ 6, 446. 8»5 

Hayden, 11.6 miles east of, on south margin of road ; spike In tele- 
phone pole, marked " U. S. B. M. 6534 " 6, 532. 744 

Hayden, 12.5 miles east of, directly opposite Wilbur Rule's ranch 
house, at south margin of road. In top of large bowlder; aluminum 
tablet stamped " 6467 " 6, 465. 063 

Hayden, 13.6 miles east of, 230 feet east of George Marshall's house, 
south margin of road, top of bowlder; chiseled square marked 
"IT. S. B. M. 6473" ^— 6,471.892 

Hayden, 14.5 miles east of, south side of road, 600 feet west of ranch 

house; spike in telephone i)ole, marked " H. S. B. M. 6511 " 6,509. 554 

Pool, southwest comer of yard in front of Pool post office, in top of 
stone post; alimilnum tablet stamped " 6643 " 6,641. 535 

Pool, 0.9 mile east of, at top of hill, south side of road; spike In 
telephone pole, marked "U. S. B. M. 6628" 6,626. 811 
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BABBIT EAB8 aTTADBANOLE. 
Pool east along highway to Steamboat Spring t. 

Pool, 2.2 miles east of, south margin of road; spilte in telephone Feet 
pole, marked "U. S. B. M. 6561" 6,559.862 

Steamboat Springs, 1 mile west of, at forks of road to Hayden and 
Hahns Peak, in fork, top of stone post ; aluminum tablet stamped 
" 6676 " 6, 674. 055 

[Note. — A double line was run from this bench mark to Steam- 
boat Springs, the closure error being +0.001 foot] 

Steamboat Springs, spring house, 200 feet northwest of Cabin Hotel, 
top of concrete post of railing; aluminum tablet stamped " 6701 "_ 6, 699. 210 

Steamboat Springs, southwest comer of road bridge over Bear 
River; spike In stringer (Denver, Northwestern & Pacific Ry. 
bench mark, railway elevation 6,679.80 feet) 6,690.538 

Steamboat Springs, in front of station ; top of rail 6, 693. 5 

Steamboat Springs, 0.5 mile east of, 325 feet south of track; spike 
in root of cottonwood tree in clump of trees (Denver, North- 
western & Pacific Ry. bench mark, railway elevation 6,687.46 
feet) 6, 698. 462 

HAHH8 PEAK aTTADBAKOLE. 
Pool eatt along highway to Steamboat Spiingi. 

Pool, 3 miles east of, 40 feet west of gate leading to F. Coleman's 
ranch house, south side of road, top of stone post; aluminum 
tablet stamped " 6600 " 6, 597. 862 

Steamboat Springs, 6.6 miles west of, bridge over Elk River, west 
abutment, south end, at top ; aluminum tablet stamped *' 6593 *' 

(set by other parties) 6,591.004 

Surface of water under bridge, October 19, 1910 6, 580 

Steamboat Springs, 5.5 miles west of, at west comer of wire fence, 
gate leading to ranch house; spike in comer post marked 
"U. S. B. M. 6712" 6,710.727 

Steamboat Springs, 4.7 miles west of, summit of divide between 
Bear and Elk rivers, south side of road, at fence, top of stone 
post ; aluminum tablet stamped " 6872 " 6, 870. 168 

Steamboat Springs, 3.7 miles west of, north side of road; spike in 
telephone pole marked " U. S. B. M. 6716" 6,714.479 

Steamboat Springs, 1.8 miles west of, north side of road, at fork in 
road to Hahns Peak ; spike In telephone pole marked ** IT. S. B. M. 
6714 " 6, 711. 988 

Steamboat Spring! north along highway to point B.8 milea north of Columbine. 

Steamboat Springs, 2.1 miles north of, on east side of road; spike 
in telephone pole, marked " U. S. B. M. 6739 " 6. 737. 818 

Steamboat Springs, 4.1 miles north of, on summit of divide between 
Elk River and Bear River, 18 feet west of road; iron post 
stamped " 6903 " i 6, 901. 377 

Steamboat Springs, 4.9 miles north of, at forks of road, 60 feet 
north of fork on west side of road; spike in telephone \yo\e 
marked "U. S. B. M. 6738" 6,736.256 
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Steamboat Springs, 6.5 miles north of, at bridge over Mad Creek, 
90 feet south of bridge, 15 feet east of road; iron post stamped Feet 

" 6747 " 6, 745. 920 

Steamboat Springs, 7.5 miles north of, west side of road. In canyon ; 
top of granite rock marked " U. S. B. M. 6766 " 6. 764. 042 

Steamboat Springs, 9.7 miles north of, in front of C. R Hempstreet's 
ranch house, 25 feet south of south side of house, 20 feet east of 
road; iron post stamr)ed "6898" e, S96. 255 

Steanil)oat Springs, 12.7 miles north of, opposite Moon Hill school- 
house, at northeast corner of yard fence around V. C. Adams's 
ranch house; iron post stamped "7000" 6,998.771 

Steamboat Springs, 14 miles north of ; floor of bridge over Elk River. 7. 015. 6 

Steamboat Springs, 14 miles north of, under bridge; Elk River, sur- 
face of water, October 29, 1910 7,004.4 

Steamboat Springs, 15.5 miles north of, at Franzes ranch, 210 feet 
north of north side of house, 20 feet west of road; iron post 
stamped " 7118 " 7, 116. 082 

Steamboat Springs, 18.1 miles north of, at Ducey's ranch house, 60 
feet north of north side of house, at west road fence line, at fork 
of road to northeast ; iron post stamped " 7274 " 7, 272. 358 

Steamboat Springs, 21.3 miles north of, in canyon, 400 feet north- 
east of Mike Condi in*6 ranch house, at west margin of road, in 
top of stone post ; aluminum tablet stamped " 7893 " 7, 891. 373 

Hahns Peak, 3.3 miles south of, under bridge over Willow Creek; 
surface of water, October 31, 1910 7,875.2 

Hahns Peak, southeast corner of county courthouse, near sidewalk ; 

iron iK)8t stami)ed "8153" 8,151.084 

Hahns Peak, 2.7 miles north of, 150 feet north of Cap Smith's 
cabin, 10 feet west of road; iron post stamped "8389" 8,387.336 

Columbine, 300 feet west of Carson's store, 35 feet south of road, 
in edge of timber; iron post stamped "8699" 8.697.627 

Columbine, 2.3 miles north of, 110 feet north of north end of cut-off 
road, 15 feet north of main road, on side hill, In top of bowlder 
outcrop; aluminum tablet stamped "8272" 8,269.750 

Columbine, 5.3 miles north of, at top of small rise north of gully, 
0.7 mile north of Smith's ranch, 5 feet east of road, in granite 
bowlder outcrop; aluminum tablet stamped "7870" 7,871.723 

De Beqne special quadrangle. 
MESA couimr. 

The elevations in the following list are based on unchecked spur 
lines based on the precise level line at De Beque. 
The leveling was done by F. H. Nelson in 1910. 

DE BSaiTE SPECIAL aTTADBANOLE. 

De Beqne northwest up Boan Greek valley to point near Junotlon of Boan 
Creek and Clear Creek (tingle spur line). 

De Reque, Denver & Rio Grande R. R. water tower, 150 west of sta- 
tion, west of Main Street, nortliwest pier of water tank, in i>ed- Feet, 
estal ; aluminum tablet stamped " 4037 *' 4. 935. 904 
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De Reqne, ?l miles northwest of, Junction of Roan Creek and Dry 
Fork, on main road north, 120 feet south of Placer Corner section ; Feet 

top of rock 5,075.29 

De Beque, 7 miles northwest of, at school house, on main road north 
up Roan Creek, southwest comer foundation of school; chisel 
mark 5, 264. 79 

De Beque. 12 miles northwest of. Junction of roads, at Junction of 
Roan Creek and Clear Creek, 1,000 feet east of large rock ; alumi- 
num tablet stamped **5593" 5,500.782 

Jnnctioii of Boan Greek and Kimball Creek roads west 8 miles along Kim- 
ball Creek road (single spnr line). * 

De Beque, 11 miles northwest of, on southeast pier of bridge over 
Roan Creek; chisel mark 5,386.02 

De Beque, 13 miles northwest of. 350 feet northwest of house, on 
rock on wash north of Kimball Creek road; aluminum tablet 
stamped " 5841 " 5, 829. 138 

Tps. 7 and 8 S., Rs. 97 and 98 W., 250 feet southwest of comer of, 
Just west of bridge over Roan Creek, in ledge; aluminum tablet 
stamped " 5185 " 6, 183. 207 

Grand Jnnctioii qnadrangrle. 
ME8A COUNTY. 

The elevations in the following list were determined by a double 
line of primary leveling, and constitute the Colorado portion of the 
results of a line extended from Salt Lake, Utah, along the Denver & 
Rio Grande Railroad to Grand Junction, Colo. Corrections have 
been applied as in precise leveling, including orthometric corrections 
and adjustment of closure error of about 1 foot. The elevations 
adopted at Salt Lake and Grand Junction were determined in ac- 
cordance with a preliminary adjustment by the Coast and Geodetic 
Survey in 1911. 

The leveling was done in 1910 by L. F. Biggs. 

OBAHD JUNOTIOK aTTADRANOLE. 

irtaline nortkeut to Mack, thenoe southeast to Grand Junction along the 
Denver h Rio Grande &. R. 

Feet. 

Milepost 295, in base of; spike with aluminum tag stamped " 4345 "_ 4, 346. 378 

Mllepost 296, in base of ; spike with aluminum tag stami)ed " 4358 "_ 4, 359. 233 

Milepost 297, in base of ; spike with aluminum tag stami^ed " 4358 "_ 4, 360. 611 

Mllepost 298, in base of ; spike with aluminum tag stamped " 4378 "_ 4, 380. 606 

Milepost 299, in base of ; spike with aluminum tag stamped " 4377 "- 4, 379. 497 
Shale, 0.2 mile west of mllepost 300. 30 feet north of track, in red 

sandstone ledge ; aluminum tablet stamped " 4390, 73 " 4, 391. 798 

Milepost 300, in base of ; spike with aluminum tag stamped " 4393 **_ 4, 395. 01 

Milepost 301, in base of; spike with aluminum tag stamped " 4401 ". 4, 402. 838 

Milei)08t 302, in base of; spike with aluminum tag stamped " 4394 "_ 4, 395. 314 

Milepost 303, in base of ; spike with aluminum tag stamped " 4391 "_ 4, 302. 170 
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Feet 

MilepoBt 304, in base of ; spike with aluminum tag stamped " 4411 "_ 4, 412. 899 
Rui>y, 200 feet north of station, 25 feet west of track, opposite small 

building, Ui bowlder; aluminum tablet stamped "4415, 74" 4,416.776 

Milepost 305, in base of ; spike with aluminum tag stamped " 4410 ". 4, 411. 815 

Milepost 306, in base of ; spike with aluminum tag stamped " 4422 ". 4, 423. 731 

Milepost 307, in base of; spike with aluminum tag stamped " 4442 **_ 4, 445. 719 

Milepost 308, in base of; spike with aluminum tag stamped ** 4480 "_ 4, 483. 197 
Mack, 300 feet east of station. In fence comer at road crossing ; iron 

post stamped "4531, 75" 4,532.488 

Mack, 250 feet southwest of station, west edge of right of way ; con- 
crete pier (U. S. Reclamation Service bench mark) 4,529.012 

Milepost 310, in base of ; spike with aluminum tag stamped " 4565 ". 4, 568. 592 

Milepost 311, in base of; spike with aluminum tag stamped " 4560 *'_ 4, 563. 342 

Milei)08t 312, In base of ; spike with aluminum tag stamped " 4520 "_ 4, 522. 558 
Loma, 340 feet south of station, opposite blacksmith shop, south 

edge of right of way, in fence comer; iron post Stamped " 4510 "» 4, 511. 776 

Milepost 313, in base of; spike with aluminum tag stamped " 4497 "_ 4, 498. 28 

Milepost 314. in base of; spike with aluminum tag stamped " 4471 "_ 4, 472. 92 

Milepost 315, In base of; spike with aluminum lag stamped " 4463 ". 4. 474. 47 

Milei)08t 316, in base of; spike with aluminum tag stamped " 4482 "« 4, 483. 746 
Frulta, 0.5 mile west of, north end of east abutment of bridge 361B ; 

aluminum tablet 8tami)ed " 4486, 77 " 1 4, 487. 493 

Mllei)08t 317, in base of; spike with aluminum tag stamped " 4489 "_ 4, 491. 097 

Milei)08t 318, in base of; spike with aluminum tag stamped " 4505 "_ 4, 506. 992 

Milepost 319, in base of; spike with aluminum tag stami>ed " 4518 "- 4, 519. 523 

Milepost 320, in base of; spike with aluminum tag stami)ed " 4516 "_ 4. 517. 716 
Rohne, 0.2 mile west of, 300 feet west of road crossing, opposite brick 
schoolhouse, in south end of concrete culvert; alummum tablet 

stamped " 4517, 78 " 4, 5ia 565 

Milepost 321. In base of ; spike with aluminum tag stami)ed " 4519 ". 4, 520. 341 

Milei)ost 322, in base of; spike with aluminum tag stamped " 4514 "_ 4, 515. 667 

Milei)ost 323, in base of; sjiike with aluminum tag stami)ed " 4520 "_ 4, 521. 373 
Grand Junction, 4.6 miles west of, south edge of railroad right of 
way, opiK)8ite Columbine schoolhouse; Iron post stamped "4526, 

79 '* 4, 52a 148 

Milepost 324, In base of; spike with aluminum tag stamped " 4528 ". 4, 529. 595 

Milei)ost 325, in base of; spike with aluminum tag stamiied " 4535 "_ 4, 536, 823 

MIleiK)8t 326, in base of; spike with aluminum tag stamped " 4543 **_ 4, 545. 335 

Milei)ost 327. in base of; spike with aluminum tag stamped "4547 "_ 4. 548. 509 

Lake City and Ouray 15' quadrangles; Montrose and ITnoompahgre Peak 80' 

quadrangles. 

GrTfNIHON, HIlf8DALE, HONTBOKE, AND OITBAT COUiniES. 

The elevations in the following list were determined by primary 
leveling extended from Ridgway and Montrose on the precise levek 
line run from near Denver in 1908, and accord with the 1911 pre- 
liminary adjustment of precise leveling. 

The leveling was done in the Ouray 15' (Montrose 30') quadrangle 
in 1901 by Chester Irvine in the I^ke City 15' (Uncompahgre Peak 
30') quadrangle in 1903 by J. E. Chapson; in the Montrose and 
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Uncompahgre Peak 30' quadrangles n 1908 by K. P. Thompson; 
and in the Montrose quadrangle in 1909 by J. A. Bums and F. J. 
McMaugh. 

The bench marks set in 1908 were not stamped with the figures of 
elevation. 

OVSAY 16' (M0HTK08E SO) aTTADRAHOLE. 
Ouray along Ouray and SUverton staye road to old toUgate. 

Ouray, In front of Denver & Rio Grande R. R. station ; top of rail Feet, 

(railroad conipany^s eievation 7,706) 7,700.6 

Ouray, 16 feet southeast of Denver & Rio Grande R. R. station, at 
comer of platform near telegraph pole; iron post stamped "7712 
OURAY " 7, 708. 517 

Ouray, in southwest corner of Miners & Merchants Banl^, under 
Beaumont Hotel, 18 inches above sidewalk; bronze tablet stamped 
" 7806 OURAY " 7, 802. 728 

Ouray, 2.8 miles southeast of, 150 feet west of toUgate, on south 
side of road, in granite bowlder ; bronze tablet stamped ** S557 
OUR.VY " 8, 553. 726 

Ouray north along Denver ft Bio Grande K. R. to Bachelor Switch, thence 
north along wagon road to Kidgway. 

Bachelor switch, 85 feet northwest of north end of siding, 35 feet 
west of main track, northwest of railroad crossing and west side 
of wagon road ; iron post stami)ed " 7586 OURAY " 7, 582. 639 

Portland, 0.5 mile north of, 5.6 miles southeast of Ridgway, on east 
side of road at bend, near gate to Jackson's ranch; iron post 
stamped " 7237 OURAY " 7, 233. 592 

Ridgway, 3.5 miles southeast of, 17 feet northeast of gate to 
Stanton's ranch, west of road ; iron post stamped ** 7181 
OURAY " 7, 177. 259 

Kidgeway east up Cow Creek and Owl Creek to pass of West Fork of Cimarron 

Creek.1 

Ridgway, 2.7 miles northwest of, 120 feet west of bridge over Dry 
Creek, southwest of crossroads and northeast of Swanson's ranch, 
on line between sees. 3 and 10 ; iron post stamped ** 7024 OURAY "_ 7, 020.217 

Ridgway, 5.7 miles northeast of, 0.4 mile west and 0.1 mile south of 
northeast corner of, T. 45 N., R. 8 W., 25 feet west of road near 
gate to CJouchman's ranch ; iron post stamped " 7326 Ouray " 7, 322. 433 

Ridgway, 9.1 miles northeast of, at end of Upper Cow Creek county 
road, near gate to Critchfield's ranch ; iron post stamped " 7604 
OURAY " 7, 599. 876 

Ridgway, 11.2 miles east of, south side of Owl Creek, 20 feet south 
of wagon road and west of salt lick, in bowlder; bronze tablet 
stampetl "8163 OURAY" 8,158.460 

American Flat east to Korth Fork of Henson Creek.^ 

Ouray, 12.8 miles east of, at timber line 2 miles east of lake, at 
east end of American Flat, 45 feet southwest of Bent's cabin, at 
east end of mine road, in bowlder; bronze tablet stamped ^* 11687 
OURAY " 11, 683. 431 



^An excessive error was distributed in this line. 
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JaokioiiTille along tnil weit and Mmth np West Fork to point near Courthouse 

Mountain. 

Jacksonville, 1.5 miles northwest of, on divide between forks of 
Cimarron Creek, 15 feet south of trail, in low granite bowlder; Feet 

bronze tablet stamped "8979 OURAY" 8,974.407 

Jacksonville, 5.5 miles southwest of, west side of West Fork, in 
forks of trail, in 4 by 4 foot bowlder ; bronze tablet stamped " 9707 
OURAY " 9, 702. 487 

Pass between West Fork of Cimarron and Cow creeks, north of 
Courthouse Mountain, 20 feet west of trail and 200 feet north of 
irrigating ditch, in granite bowWer ; bronze tablet stamped ** 10120 
OURAY " 10, 116. 145 

X0HTB08E aUADRAKOLE. 
Ridgway weit along Rio Grande Southern B. B. to Sann.^ 

Ridgway, 3.1 miles west of, 30 feet north of railroad, 400 feet west 
of third milei)ost out from Ridgway, in green bowlder ; aluminum 
tablet 7, 181. 703 

Ridgway, 6 miles west of, 20 feet south of railroad, 250 feet east of 
.sixth mllepost. In limestone 8 by 10 feet; aluminum tablet 7,525.394 

Ridgway, 9 miles west of, 60 feet east of highway, 50 feet west of a 
24-inch pine tree, in one of a pile of rocks ; aluminum tablet 7, 864. 958 

Ridgway, 12.0 miles west of, 20 feet west of railroad, 150 feet north 
of twelfth mllei)ost, in white sandstone 18 by 18 inches, 800 feet 
north of highway crossing; aluminum tablet 8,734.995 

Dallas Divide, in front of section house; top of rail 8, 969. 6 

Ridgway, 15 miles west of, 100 feet east of fifteenth mllepost, 60 
feet north of railroad, in sandstone 8 by 8 feet; aluminum tablet- 8, 756. 840 

Dallas, 4.0 miles west of, 800 feet west of switch below sawmill, on 
3 by 6 foot sandstone; chiseled circle 8,445. 93 

Montrose southwest along highway to Sams. 

Montrose, 3.2 miles southwest of, 150 feet east of intersection of 
Grandview and Oakgrove avenues, 70 feet northeast of corner of 
fence, in ledge; aluminum tablet stamped " 5048 1909 " 5, 947. 893 

Montrose, 4.8 miles southwest of, southeast corner of bridge over 

canal ; top of painted bolt marked " 6019 B. M." 6,018. 53 

Montrose, 5.6 miles southwest of, 600 feet southwest of George 
Christensen's house, 60 feet west of road, 2 feet east of wire fence, 
in ledge; aluminum tablet stamped "6089 1909" 6,088.924 

Montrose, 7.9 miles southwest of, 200 feet northeast of " Seven-mile 
tree," 30 feet west of road, on ledge ; chisel mark, with paint mark 
" 6519 B. M." 6, 519. 21 

Montrose, 8.7. miles southwest of, 15 feet west of road, in ledge; 

aluminum tablet stamped "6733 1909" 6,732.531 

Montrose, 11.8 miles southwest of, 20 feet east of road, in ledge; 
aluminum tablet stamped "7387 1909" 7,386.579 

Brown's Spring, about 160 feet east of road, in ledge; aluminum 

tablet stamped " 8408 1909 " 8, 408. 182 

1 An error pf 1 foot was dlstrlbutecl In this line. 
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Brown's Spring, 2.8 miles south of, 50 feet east of road, 20 feet north 
of triple pine tree, in 6 by 8 by 30 inch stone; aluminum tablet Feet, 

stamped "9159 1909" 9,159.390 

Finch's ranch, 120 feet northwest of house, 3 feet east of fence, 3 feet 
south of granary, in top of stone 6 by 10 by 24 inches, In ground ; 
aluminum tablet stamped " 8568 1909 " 8, 568. 173 

Finch's ranch, 3.6 miles south of, west side of road, at angle in 
road to east; iron post stamped **8950 1909" 8,949.757 

Dallas Divide, 9.8 miles west of, 20 feet northeast of house, in stone 
in Potter's yard ; aluminum tablet stamped " 8842.5 " 8, 842. 128 

Dallas, 6.8 miles west of, 100 feet east of fence comer, in small sand- 
stone 10 feet north of highway ; aluminum tablet 8, 899. 546 

Cinuirroii south along hlfhway to Jackton.^ 

Cimarron, 325 feet west of milepost " D 329," 25 feet west of water 
tank, 15 feet west of track, in stone; aluminum tablet 6,892.265 

Cimarron, 2.5 miles south of, 150 feet southeast of house, west side 
of road, in large bowlder ; aluminum tablet stamped *' 7044 1909 "_ 7, 041. 478 

Cimarron, 3.7 miles south of, 100 feet northwest of intersection of 
road up mesa, in root of tree at gateway on west side of road; 
copper nail marked " 7110 B. M." 7, 107. 66 

Cimarron, 5.6 miles south of, 70 feet southwest of small bridge, 130 
feet north of John Whittingham's house, in bowlder; aluminum 
tablet stamped "7341 1909" 7,338.579 

Whittingham's ranch, 4 miles south of, 100 feet south of bridge 
over ditch, east side of road, in large bowlder; aluminum tablet 
stamped "8399 1909" 8,397.129 

Whittingham's ranch, 6.2 miles southwest of, 400 feet south of house 
on cattle ranch, 10 feet north of northeast corner of bridge over 
ditch, mark on bowlder; marked "8418" 8,415.41 

Loback's cattle ranch, 1.6 miles south of, 80 feet west of ditch, 20 
feet west of road, in large bowlder; aluminum tablet stamped 
"8441 B. M." 8,439.481 

Jackson, 6.8 miles north of, 15 feet west of road, near growth of 

small trees, in bowlder ; aluminum tablet stamped " 8381 1909 "— 8, 379. 163 

Jackson, 5 miles north of, 200 feet west of ford, 80 feet southwest 
of bend in road, in bowlder; aluminum tablet stamped "8672 
1909 " 8, 670. 665 

Jackson, 1.5 miles northwest of, on divide 0.7 mile south of junction 
of Cimarron and Little Cimarron creeks, 15 feet south of trail, in 
small bowlder; bronze tablet stamped "8979 OURAY" 8,974.407 

Xilepoit 8S5 weit along Denver ft Bio Grande B. B. to Xontroie. 

Cimarron, 3.1 miles east of, 2 feet northeast of milepost " D 326 " 

in stone; aluminum tablet 6,873.111 

Cimarron, 15 feet west of track, 325 feet west of milepost " D 329," 
25 feet west of water tank, in stone 15 feet west of track; alumi- 
num tablet 6, 892. 265 

Cimarron, 3 miles west of. 50 feet west of milepost " D 332," 20 

feet north of track, in rock; aluminum tablet 7,471.274 

Cimarron, 6.1 miles west of, 6 feet west of track, 20 feet south- 
east of milepost "D 335", in bowlder; aluminum tablet 7,908.806 



^An exceseive error was distributed In this line. 
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Cedar Creek, 3.3 miles east of, 20 feet north of track, 40 feet west Feet 

of milepost " D 338 ", in bowlder ; aluminum tablet 7, 319. 242 

Cedar Creek, at station, 20 feet east of track, in second foundation 
pier of water tank; aluminum tablet 6,732.772 

Lujane, at west portal of Gunnison tunnel, 70 feet south of fifth tel- 
egraph pole east of milepost **D 343" ; iron post (Reclamation 
Service elevation 6,550.919) 6,531.322 

Lujane, 1.5 miles west of, 10 feet north of track, 1,200 feet west of 
mlleijost "D 344", in bowlder; aluminum tablet 6,345.685 

Falr\lew, 1.3 miles west of, 10 feet west of road, 75 feet west of 
track, in east side of foundation of large water tank; aluminum 
tablet stamped "6009" 6,004.734 

Montrose, 0.6 mile east of, 20 feet west of switch block of branch 
to Ouray; Iron i)o8t stamped "5858 U. S. R. S. B. M." (Reclama- 
tion Service bench mark) 5,837.99 

TTnoompahgre Talley; Oiuaigon project. 

The following Geological Survey bench marks were established by the Recla- 
mation Service. The bench marks, marked with asterisks (♦). were redeter- 
mined by the United States Geological Survey, and the elevations given for 
them are the results of Geological Survey adjusted leveling. The other eleva- 
tions, presumed to be approximately in agreement, were determined by sub- 
tracting 19.2 feet from Reclamation Service values. 

Cedar Creek, at station (1.732 feet below benchmark established by Feet 
the Geological Survey); iron jwst 6,731.040 

♦Cedar Creek, 1.6 miles west of; iron post (Reclamation Service 
bench mark) 6, 531. 322 

♦Fair view, 4 feet northwest of signpost marked " Falrvlew sid- 
ing," between Lujane and Montrose on narrow gage line of Den- 
ver & Rio Grande R. R. to Sallda ; Iron post 6, 146. 476 

♦Montrose, 1 mile south of, 7 feet east of switch stand, at east end 
of Y; Iron post 5,837.99 

T. 49 N., R. 9 W., 1.5 feet south of southeast comer of NE. 1 NE. i 
sec. 36, about 0.^ mile northwest of ditch, 0.8 mile south of main 
line of narrow gage railroad from Montrose to Sallda, set 3 feet In 
earth under signal at south base; Iron post 6,107.078 

Dry Odar Creek, 25 feet southwest of bridge where road up Dry 
Cedar Creek crosses the High Line canal, 15 feet south of High 
Line canal and 15 feet north of lateral of the Cimarron ditch; 
Iron post 6, 114. 479 

Montrose & Delta canal, 13.8 feet from center of head gate, at south- 
east corner of section house, set 1 foot under surface of ground; 
iron post 6,090. 771 

Uncompahgre River, high ridge on west side of, 1 mile west of nar- 
row gage track Montrose to Ouray, In saddle about 700 feet south- 
east of end of ridge, 50 feet east of road, In rock 3 by 3.5 by 2 
feet; metal plate (Montrose & Delta canal passes around end of 
rldgfe, and Is about 80 feet below this bench mark) 6,126.629 

Montrose & Delta canal, bridge at crossing of Plnyon road, 2 feet 
north of telegraph pole 50 feet fron canal and 75 feet south of 
southeast corner of bridge ; iron post . 6,014.980 
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Montrose & Delta canal, near bottom ot Coal Creek drop, 30 feet 
south of sooth bank of canal, 20 feet west of large bowlder, 20 feet Feet 

north of H-lnch cedar tree; Iron post .5,836.871 

Montrose & Delta canal, at top of Ck>al Creek drop, on sandstone 
ledge 30 feet southwest of Jump-off, 25 feet south of blazed cedar 
tree; metal pl?ite 5,940.477 

Oak Grove, 35 feet northeast of northwest comer of schoolhonse, 
12 feet west of line to center of doable door; iron post 5,928.572 

*LAXE CITf 15' nnrCOM^AHORE PEAK W) QUADKANOLE. 

Vorth Fork of Hienson Creek north over divide and down (Hmarron Creek to 

JmokwmviUe. 

CJapitol City, 2 miles northwest of, 300 feet northwest of forks of 
road leading to Gullneau's sawmill, 20 feet northeast of road be- 
side monnment, in granite bowlder; bronze tablet stamiied 
" 10436 OURAY " 10, 438. 206 

Capitol City, 5 miles north of, on divide between North Fork of 
H^ison Creek and Cimarron Creek, 0.6 mile southwest of Matter- 
horn Peak, 1.2 miles east of Wetterhom Peak and 1.5 miles south- 
west of Uncompahgre Peak, 15 feet south of trail near its forks, 
330 yards south of Sullivan's cabin, in granite rock ; bronze tablet 
stamped "12463 OURAY" 12,458.909 

Capitol City, 8 miles north of, 0.5 mile north of Philips's cabin, 200 
feet south of ruins of lanB^e cdbin, 2 feet abo>'« ground, east side 
of Cimarron Creek, 6 feet west of trail, in l>owlder ; bronze tablet 
stamped "10773 OURAY" 10,768.875 

Jacksonville, 4.5 miles south of, 300 feet southeast of Junction of 
Middle and South forks of Cimarron Creek, east of trail, in 
conglomerate bowlder ; bronze tablet stnmi)ed " 9924 OURAY "__ 9, 919. 900 

Jacksonville, 1.5 miles south of, 20 feet west of trail, in iK>wlder 5 

by 5 feet and 3 feet high ; bronze tablet stamiied " 9207 OURAY "_ 9, 202. 684 

Point S milei northwest of Capitol City down Henton Creek east to Lake 
Cltt (Ulie run twice). 

Capitol City, 0.4 mile northwest of, road up north fork of Henson 
Creek, 7 feet south of road, in outcropping bowlder; aluminum 
tablet stamps " 9957 OURAY " 9, 952. 687 

Capitol City* 60 feet northeast of two-story brick house, 50 feet 
south of street, in northeast comer of city, in trachyte bowlder ; 
aluminum taWet stamped "9667 OURAY" 9,662.994 

Capitol City, 3.1 miles east of, 18 feet north of Hen»on Creek, 8 
foet south of road to Lake City, in 8 by 5 by 4 foot trachjrte bowl- 
der; aluminum tablet stamped "9414 OURAY" 9,409.668 

Henson, 12 fleet east of post office, 12 feet south of road, In middle 
of settlement at Ute & Ulay mine, in outcropping ledge; bronze 
tablet stamped " ^03 OURAY " 0, 198. 654 

Lake City, Miniers & Merchants Bank, at front entrance to, in 
stone pillar; bronze tablet stamped "8681 OURAY" 8,676.402 

Lalce City, in ffouthwert comer of yard of Lake City schoolhotise, 
110 feet southwest of brick schoolhonse; bronze tablet stamped 

" 8663 OURAY " 8, 658. 659 

97938'— BuU. 486—11 6 
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Lake City north down Lake Fork of Oaniilsoii River to point i milei north of 
Tonman (line mn twice). 

Lake City, 0.7 mile north of, 600 feet northwest of cemetery, 15 
feet weBt of road down Lake Fork, at top of hill, in granite bowl- Feet, 

der 3 by 2 by 2 feet; Aluminum tablet stamped " 8758 OURAY "«« 8, 753. 863 

Lake City, 4.8 miles north of, 20 feet west of road, 200 yards south 
of entrance to canyon, opposite brick house on Baker ranch, in 
trachyte bowlder 8 by 5 by 4 feet ; bronze tablet stamped " 8515 
OURAY " 8, 510. 239 

Youmau, 2.4 miles south of, 200 yards east of Nine Mile ranch, 15 
feet west of road, in mound of stone; iron iK)St stamped "8527 
OURAY " 8, 522. 396 

Youman, 100 yards south of Youman water tank, 60 feet north of 
section house, 30 feet east of railroad track, 12 feet east of road ; 
Iron post stamped "8321 OURAY" 8,315.831 

Kellog siding, 0.8 mile north of, 100 feet south of railroad, 80 feet 
northwest of bowlder 20 by 20 by 12 feet, 200 feet southeast of 
outcropping bowlder 3 by 3 by 1.5 feet In bowlder; bronze tablet 
stiimped "8188 OURAY'* ^ 8,382.571 

Kellog siding, 1.8 miles porth of, 400 feet northwest of milepost 336, 
50 feet west of railroad, 25 feet east of wagon road, 100 yards 
north of small butte with conical rock on toi>, in mound of stone; 
Iron post stamped "8131 OURAY" _ 8,126.121 

XTHOOMPAHORE PEAK QUADRANOLE. 

Xellof g tiding north along Denver ft Rio Grande R. R. (Lake City branch) 
to point near Dayton, thenoe along road eait to Powderhom and aouth to 
Slumgnllion Paat. 

Spruce Point, at north end of switch, west of track, top of rock; 
marked " 8074.13 " 8, 070.18 

Spruce, 2.4 miles north of, 40 feet northeast of small bridge over 
stream, about 1,000 feet east of Denver & Rio Grande R. R. up 
the arroya, 30 feet from top of ridge, in top of bowlder; aluminum 
tablet 8, 039. 431 

Gate View ranch, 20 feet from southeast comer of ranch house, In 

rock at road Intersection ; aluminum tablet 7, 949. 693 

Gate View ranch, 4.7 miles east of, 5 feet south of center of road at 
summit between Gate View ranch and Powderhom, in ledge of 
rocks ; aluminum tablet 8, 927. 512 

Powderhom, 2.2 miles southwest of, 10 feet south of road, 500 feet 
northwest from Intersection of Powderhom and Sapinero roads; 
point on rock marked " 8593.90 " 8, 589. IK> 

Powderhom, 250 feet east of post office, at road Intersection, In 
ledge of rock ; aluminum tablet 8, 053. 742 

Powderhom, 4 miles east of, 1 foot Inside fence, 15 feet from 
southeast comer of William Sammon's house on Beaver Creek, 
In small rock; aluminum tablet 8, 231. 842 

Sammon's ranch, 3 miles southeast of, 0.5 mile north of Johnson's 
ranch, south of road, at rocky point at bend In road, 20 feet north 
of fence comer, 3 feet outside fence, in bowlder ; aluminum tablet, a 344. 007 

Cebolla Creek bridge, 30 feet southwest of, 5 feet east of road, 30 
feet southeast of ford, In large bowlder ; aluminum tablet 8, 529. 381 
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Warrant's ranch, at mouth of Rock Creek, 700 feet south of, 6 feet Feet 

east of road, In ledge of rock ; aluminum tablet 8, 749. 156 

Warrant's ranct, 1 mile south of, 25 feet from west side of road, 
in top of stump ; spike marked " 8809.29 " 8, 805. 53 

Cathedral, 0.25 mile northwest of post office, 100 feet northwest of 
road forks, 20 feet east of edge of mesa, near mouth of Spring 
Creek, in top of bowlder; aluminum tablet 8,908.152 

Howard's ranch, 4.3 miles southwest of mouth of Spring Creek, 20 
feet east of spring house, in rock ; aluminum tablet 9, 139. 541 

Howard's ranch, 3 miles southwest of, 0.5 mile southwest of entrance 
of second canyon from Howard's ranch, west of trail, 75 feet 
southwest of small stream, in top of large bowlder; aluminum 
teblet 9, 482. 439 

Howard's ranch, 6.2 miles southwest of, 2 feet from southeast cor- 
ner of bowlder about 1 cubic yard in size, 25 feet west of trail, 
35 feet west of Mill Creek, at southwest end of cliffs, 0.5 mi 1ft 
from south of Mill Creek, in small flat rock; aluminum tablet 10,023.989 

Powdarlioni north along road to loU, thanoe west along Denver ft Bio Orande 
B. B. to Bapinero. 

Powderhom, 3.4 miles northeast of, at stone monument 3 feet high, 
75 feet west of road, on small ridge 1,000 feet northwest of peak 
on east side of road, about 1 mile south of Old Lot mine, in small 
flat stone; aluminum tablet 8,484.154 

Powderhorn, 6.1 miles northeast of, 50 feet southeast of fork of 
road to Spencer, 20 feet east of lola road, in ledge of rock; alu- 
minum tablet 8,915. 727 

Ninemile Hill, 100 feet east of road at summit, point on small ledge 
of rock ; marked " 8970.64 " 8, 966. 79 

Ninemile Hill, 0.8 mile northeast of, 75 feet east of forks of old 
and new road, 600 feet east of rocky point on west side of road, in 
ledge of rocks; aluminum tablet 8, 746. 712 

Big Spring ranch, 0.8 mile northeast of entrance, 300 feet east of 
road, 50 feet east of small swamp. In ledge of rock; aluminum 
tablet 8, 253. 577 

lola, 2.1 miles south of, 30 feet west of road, on side of small knoll, 
40 feet east of top, in ledge of rock marked by mound of stone; 
aluminum tablet 7, 770. 092 

lola, 14 feet north of the northwest comer of annex to lola Hotel, 
in ledge of rock ; aluminum tablet 7, 453. 764 

lola, 2.8 miles west of, 300 feet southwest of mllepost " D 302," 45 
feet south of track, in ledge of rock; aluminum tablet 7,401. 510 

lola, 4.7 miles west of, in base of milepost " D 304 " ; spike marked 
" 7367. 81 " (railroad bench mark) 7, 363. 43 

lola, 5.8 miles west of, 125 feet west of milepost " D 305 ", 20 feet 
west of water tank, 15 feet north of track at Elk Creek, In small 
bowlder ; aluminum tablet 7, 356. 206 

<;;ebolla, 1.1 miles west of, 600 feet southwest of milepost " D 308 ", 
40 feet south of track at rock cut, 20 feet from bank of river, in 
ledge of rock ; aluminum tablet 7, 312. 422 

Cebolla, 2.9 miles west of, in side of milepost "D 310"; spike 

marked "7292.48" (railroad bench mark) 7, 2aS. 06 

Cebolla, 4 miles northwest of. 125 feet west of milepost " D 311 ", 15 
feet north of track, in ledge of rocks; aluminum tablet 7, 272. 371 
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Cebolla, 5 miles weivt 6C^ 4n Mi& ^ mfUBiiM: **D 312 '*; spike msrlEed f^ct 
"7264.14" (railroad bench mftYk) ^--__ ^.^.^ _^ Tv2l».71 

GeboUa, 6 mileB \VC0t ^, i& INise vf iDlH^xm " D tl« " ; ^'^'e mAMRlA 
"7245.55" (railroad bench mark) ,..— ^ - ^^--._ 7>ail.l6 

Sapinero, 100 f)eet Horth of noith efid of cmmty HHidiift ovet OuHEA- 
son River, 15 l^t eait of roa4v 850 te^ )M)ttt&WeM: of «M ei sVHtck 
lEtt Y, 450 feet south of main trtc^ of t^ Denver ft Mo Qm»Ae 
R. R. in ledge of tocks; ammintnn tAWet ^^— w TvaWc<»6 

tola east along Denver Ik &io Grabde &. H. to poln^ neat dk&dni i^tlon 
(€oiiMe fpttr llMyi 

Elkhom, 600 feet east of station^ at the 10-mile bridge, in side of 
mllepost "D 297"; spike marked "7484.98" (railroad bench 
mark) ^ ^ 7s 480. 66 

Elkhorn, 0.8 mile east ot 26 feet north of tracks on edge of Gun- 
nison River, 900 feet east of rocky point on sharp curve^ (K2 mile 
west of mllepost "D 296 "> in top of large bowlder; ahMntanai 
tablet 7, 491. 980 

Gate Yiew ranch northweit along road to fMta tt r«kds to Montrose and 
Bapinero, thence northeait to Bapinero. 

Oate View ranch, 1 mile northwest o% 15 feet west of road, 500 teel 
southwest oif schoolhouse; point on bowMer marked " tSlt.l4 ** 7, 813.03 

Gate View ranch, 3 miles northwest of, 2 feet west of road, 150 feel 
southeast of bend in road, In bowlder; aluminum tablet 8,077.579 

Gate View ranch, 6 miles northwest of, on top of knoll 30 feet north- 
east of road on top of hill, in top of ledge of rocks; alumihum 
tablet 8, ST8. 148 

Willow Creek, i.5 miles west of, 10 feet southwest of toad, at tol> 
of hill, in large flat rock ; aluminum tablet 8, 848. 044 

Willow Creek, 4.4 miles west of, 30 feet west of road at top of hill 
about X).7 mile west of Piue Oreek, in small fiat rock ; aluminum 
tablet 8, Wl. 014 

Forks of roads to Montrose and ISapinero, 2.7 miles northeast of, 
25 feet southeast of road, 5 feel northwest of trail, 100 feet teasl 
of forks of road and trail, 400 feet west of fotd of Pihe Creek, itt 
large bowlder; aluminum tablet 8,224.748 

Vdrk* of Montroie and Si^inero roadi weet to Junction of Little Blue luM Wc 
Bine oreekt (touUe ipmr Un^. 

Forks of Montrose and Bapinero roads, 2.2 miles Wtsst of, B feet 
south of road> 150 feet southwest of Jum^ioa of Little and Big 
Blue creeks, in bowlder; aluminum tablet 8,19?. 688 

Bapinero eait on Powderhom road (donhle ipnr line.). 

Sapinero, 3.2 miles southeast of« on top of knoll 40 feet sooth of 
road, 300 feet west of road fbrks of abandoned road, markeA ^ 
mound of stone, in small rock flui^ with ground ; aiumintmi tablet. 7^ 90^. 336 

Sapinero, 6 miles southeast of, 30 feet west of road on top of smtll 
knoll, 40 feet south of small arfoyo, 400 tfeet west of large airo^, 
marked by mound of stone, in small flat rock ; alumlttlffli tablet- 1^-. 8, t^ 029 

Bapinero northwest along road 4.5 mllei (gingle tpnr line). 

Sapinero, 3.1 miles northwest of, at t<H> of needle on rim of Black 
Canyon, at small pine tree^ 300 feet south of road at bend* betweea 
two small canyons. In rock ; aluminum tablet 7, 623. 908 
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Sapln^o, 4.4 nUlea i^^oidt^west ot 9l teet Buaih of road, IGa feet east 
of creek, loa teet i^jortHwegt of ruima of itone houae, in toj^ of Feet, 
amall coue-aJbaped 9<m^; almntnum toWet 7,829.962 

Saplnero wMt aloaff Denver ft. Bio Ontnde E. K. to milepoit 886. 

Saplnero, 0.8 mile west of, In base of milepost "D 315"; spike 

marked "7221.26"' (railroad be^ich mark) 7,216.79 

Sapinero, 2.7 miles east of, 15 feet west of track, 20 feet south of 

milepost "P dXl'\ In large Uowlder; aluminum taWet 7, 17a 150 

Sapinero, 5.6 oOtes we«t oX, a fset nortl) of milepost *' I> 3^ *', In 

bowlder; aluminum tablet 7,0^451 

Sapinero, 8.6 wiles wast ot 50 fae% west ol inile^oa^ *'D 323'*, in 

mm)X bowlder; aluminum tablet , 6|^984.030 

Cf»ea»> Saglneer Xonntaiii, HftdUe H^nalft^Mu iUoou %ft4 SAWaitiMi !#' «iiAd- 
r^iUI^ aBd Van QriaWb%i sa' q^ataqigk. 

DOLOUta^ KfllSBAU, L4 PLATA, KlimAL, O^IAT, AHD SAIY JVAH eOVimflS. 

The elevations in the following list are based upon heights of 
bench marks »t Moatrof^ Colo^^ eat^blijshed by pai>eeise leveUng of 
the United States Qeetegioal Survey, and at Albuquerque, N. Mex., 
established by precise leveling of the Coast and Geodetic Survey, 
the connection being made by the primary level net. 

The leveling in the Creede quadrangle was done in 1904 by J. E. 
Chapson ; thj^t in th^ San Cristobal ^^(nadraugle iu 1899 by T. Win- 
sor and in X9M hj Chapson; that ia the Silverton quadraagle in 
189i9 by Winsw and in 1901 by Chester Irvine; that in the Needle 
Mountains quadrangle in 1898 by T. Wi^swr and in 1900 by J. P. 
Darling; that in the Engineer Mountain quadrangle in 1896 by C. W. 
Beach, in 189T by A. L, Fellows, aud in 1898 by WiiMwr; and that 
in the Rico quadrangle in 1898 by Wiasor. 

The considerable errox in stamped elevations is due to the assumed 
datums upon which the field work was done. 

QgtE£DE aiTAPRAlf OLS. 
?^t 8 milM i^0Tt]»^M;t Qf Mtel<aK% ii9^0Mi to l^mw^ OsMde. 

Antelope Springs, 6 miles i^ortbeast of, 20 feet east of road, 100 feet 

south of forlcs of road^ 600 feet north of southeast comer of Feet, 

pasture; iron post stamped " 8762 OURAY '' 8, 757. 780 

Ftvemlle bridge, 1.6 miles east of, 150 fteet west of Jhmctlon of 
Silverton and Sunny side roadB, 100 feet east of bridge over Irri- 
gating ditch, 66 feet north of road; iron post stamped "8682 
OURAY '^ 8,677. 920 

Lower Creede, south part of town, 80 feet east of I>enver & Rio 
Grande R. R. track, 150 feet north of section house, 120 feet west 
of Main Street; iron post stamped " 8780 OURAY " 8,7T».262 

Point H uttM n<H« ^ Unifi 9imk soffttieai* to ^mw Oroade. 

Sevenmlle bri4geA 1 9\IUe noirUieaat oX^ 30 feet nojrthwest oX road, * 
In 6 by 4 bj 3 (ooti bowlde? ; ftlunUiwtfu t«iblet stamped " 8759 
OURA^ " 8, 75^ 828 
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Lower Creede, 3^ miles south of, 100 feet south of side grade of 
Denver & Rio Grande R. R. bridge, 100 feet east of wire fence, 20 Peet 

feet southeast of road ; iron post stamped " 8708 OURAY " 8, 703. 727 

Lower Creede, in old Maben Bank building, near south ^itrance; 
aluminum tablet stamped " 8854 OURAY " 8, 849. 640 

Lower Oreede Tia Bachelor, Park Berent mine. Phoenix Park, and East 
Willow Creek to Lower Creede. 

Lower Creede, 1.2 miles northwest of, 100 yards north of switchback, 
70 feet west of road, in 4 by 4 by 2 foot bowlder ; aluminum tablet 
stamped "9812 OURAY" 9,808.193 

Bachelor, east side of principal street, 40 feet north of town well; 
iron post stamped "10531 OURAY " 10,527.537 

Park Regent mine, 100 yards southeast of, 30 feet west of road, in 
bowlder; aluminum tablet stamped "10454 OURAY" 10,450.496 

Park Regent mine, 1.1 miles east of, 900 feet north of east branch 
of West Willow Creek, at old sawmill site, 20 feet east of road, 
in 4 by 2 by 2 foot bowlder; aluminum tablet stamped "10260 
OURAY " 10, 256. 303 

Campbell Ridge, summit of, between East and West Willow creeks, 
in ledge with dead l>earing tree north of road; aluminum tablet 
stamped " 10601 OURAY " 10, 597. 599 

Phoenix Park, in south part of, 200 feet southeast of cabin, 150 feet 
west of road up E2ast Willow Creek; iron post stamped "9700 
OURAY " 9, 705. 390 

Mollie S. mine, 60 feet south of tram house, 20 feet east of East 
Willow Creek, 12 feet east of road, in 8 by 8 by 4 foot bowlder ; 
aluminum tablet stamped " 9160 OURAY " 9, 156. 248 

8AH CBI8T0BAL aiTADBAHOLE. 

Lake Ban Oriitobal southweat alonf road np Ounnlaon Biver (Lake Fork) to 
Sherman, thence northwest to Whltecroas. 

Lake San Cristobal, 45 feet north of north end of lake, 40 feet east 
of road, 600 feet northeast of Golden Fleece tunnel; iron iwst 
stamped "9000 OURAY" 8,995.653 

Lake San Cristobal, 0.25 mile southwest of south end, 10 feet west 
of State road, in trachyte bowlder 4 by 1 by 3 feet; aluminum 
tablet stamped "9021 OURAY" 9,016.731 

Lake San Cristobal, 3.5 miles southwest of south end, 30 feet east of 
Junction of State road and road to Clawson's ranch, 30 feet south 
of small stream, in top of cropping syenite bowlder; aluminum 
tablet stamped "9180 OURAY" 9,175.603 

Wager Gulch, mouth of, on Gunnison River, 0.3 mile south of Capt. 
Hairs house, 15 feet south of junction of Silverton and Carson 
City roads, 200 feet south of river, in front of log cabin; iron 
post stamped "9350 OURAY" 9,345.303 

Sherman, in east end of town, 200 feet south of where State road 
starts up mountain side; iron post stamped "9552 OURAY" 9,547.836 

Sherman, 3.5 miles northwest of, 300 feet north of river, 10 feet 
south of road, in ledge; aluminum tablet stamped "10270 
OURAY " J 10, 286. 724 

Whitecross, 1.5 miles east of, 100 feet east of Cooper Creek, at Ar- 
gentum, in Iwwlder 3 by 3 feet by 6 inches; aluminum tablet 
stamped " 10564 OURAY " 10, 559. 759 
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Whitecross, 10 feet solith of road, 150 feet north of creek, 650 feet 
northeast of La Belle power house; Iron post stamped "10754 Feet. 

OURAY " 10, 750. 439 

Chumisoii River fouth via Canon to Bio Grande. 

Carson Pass, 2.3 miles north or, in iron bed flats, 400 feet south of 
placer diggings, 6 feet west of road, in bowlder; aluminum tablet 
stamped "11273 OURAY" 11,269.837 

Carson Pass, summit of, 75 feet west of road; Iron post stamped 

" 12360 OURAY " 12, 357. 281 

Carson Pass, 3.5 miles south of, 200 feet above and 650 feet east of 
Lost Trail Creek, where trail leaves pack and enters si)ruce tim- 
ber, 5 feet east of trail, in bowlder 5 by 1 by 3 feet; aluminum 
tablet stamped "11224 OURAY" 11,220.303 

Carson Pass, 6.2 miles south of, 500 feet south of Junction of East 
and West Lost Trail creeks, 5 feet west of trail, in 4 by 4 by 1 
foot bowlder; aluminum tablet stamped "10307 OURAY" 10,303.182 

Down Bio Grande east to Antelope Springi. 

Point Burwell, 0.3 mile northwest of, 50 feet southeast of old log 
cabin, 25 feet south of road, in top of large rock ; aluminum tab- 
let stamped "9486 DUR " 9,493.108 

Point Burwell. 0.05 mile northwest of, in grassy flat, near ^arge post 
marked " Point Burwell," 30 feet north of wagon road ; Iron post 
stamped "9479 OURAY" ^ 9,474.734 

Point Burwell, 3.3 miles southeast of, at base of steep slope, 75 feet 
north of road at point where Rio Grande makes a sweep in bend, 
on bench of rock ledge ; aluminum tablet stamped " 9384 DUR " 
(old bench mark). 9,391.187 

Point Burwell, 4.1 miles south of, 100 yards south of log cabin, 200 
yards north of Rio Grande ford, 50 feet west of base of bluff, 20 
feet east of road, in grassy flat; iron post stamped "9386 
OURAY " 9, 381. 579 

Weminuche Creek, 2.1 miles east of, 80 feet north of road, 50 feet 
south of river. In grassy park, in 5 by 5 by 4 foot bowlder ; alumi- 
num tablet stamped "9321 OURAY" 9,316.573 

Two Lakes Creek, 1.8 miles west of, 500 feet east of head of long 
park, 150 feet east of old chimney of burned cabin; iron post 
stamped " 9441 OURAY " 9, 437. 531 

Two Lakes Creek, 1.1 miles southeast of, in long park, 25 feet east of 
road, in bowlder 8 by 6 by 4 feet; aluminum tablet stamped 
" 9275 OURAY " 9, 271. 056 

Antelope Park, west edge of, 300 yards west of buildings on San 
Juan ranch. 50 feet north of northwest corner of ranch fence, 30 
feet north of road; Iron post stamped " 9039 OURAY " 9,034. 998 

Antelope Park, 150 feet southeast of Brown's ranch, 40 feet north of 
road ; iron post stamped " 9001 OURAY " 8, 996. 874 

Antelope Park, 20 yards west of old stage station, 20 feet south of 
low cliff of rocks, 20 feet north of road ; iron post stamped " 8938 
OURAY " — - - 8, 933. 400 

Bow«rd ranch, 0.2 mile north of Rio Grande, 20 feet east of road, at 
ranch road to house; iron post stamped "8928 OURAY" 8,924.108 

Antelope Springs, 50 feet north of; iron post stamped "8960 

OURAY " 8, 956. 218 
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AaUlope BprUft BorUwMt aloM nad tU Lak* BftBta XarU, OlMtf QcMk, 
0«bolU FMt, and 8lnwyilHfti Qvloli to Laka 8aa Orlatolp4. 

Lake Santa Maria, 0.7 mile east of, 25 feet south of road, near 
highest point of Santa Maria Pass* in l>owlder 3 by 1 by 3 teet; Feet 

alomlnmn tablet stamped **9e95 OURAY " 9, 691. 438 

Lake Santa Maria, on contour line as aorveyed by Bqnitable Life 
Insurance C^ foiv renervoir, near the company*a station XSCU; 
Iron poet stamped " 9475 OURAY " % 47a 8S8 

Boulder Creek dam, 300 feet west of, 0.2 mile west of old Lalieman 
fishpond, 30 feet south of roud, in 15 by 10 by 4 foot bowklar; 
aluminum tablet stamped "9706 OURAY" ft, 702. 366 

Clear Creek falls, 0.1 mile southwest of, 12 iSeet soiUh of road; 

Iron post stamped "10062 OURAY" 10,04&283 

Clear Creek crossini^ 2 miles north of, 650 feet west of Big Spring 
Gulch Creelc, 40 feet west of road, in bowlder 8 by 6 by 3 feet; 
aluminum tablet stamped "10344 OURAY" 10,340*353 

Continentitl Divide, summit of, between Big Sfiring Qolch and 
Cebolla Creek, 50 feet east of road, 30 feet east of Lakeman 
ditch; iron post stamped "10901 OURAY" 10,897.289 

Cebolla Creek, 450 feet southwest of southwest branch, 15 feet east 
of road, in 4 by 2 by 1 foot bowlder; aluminum tablet stumped 
"10394 OURAY " 10,390.354 

Slumgulllon Pass, 2.5 miles south of, 20 feet south of corduroy roads* 
in 4 by 4 by 2 foot blue bowlder; aluminum tablet stan^^ 
" 11124 OUItAY " U, 120. 212 

Slumgullion Pass, 0.5 mile west of, in SlumgulUon Gulcl^ 100 feet 
south of road, at white dump from 0I4 timnel, SO feet east of saw- 
dust pile at old mill site, in bowlder; aluminum tablet stomped 
"U005 OURAY" (1909 value from Montrose =11,001.654 feet)-- 11,001.504 

Slumgullion Pass, 3.1 miles west ot 8 feet southwest of road ia 
elbow of switchback, iu 3 by 2 by 2 granite rock; aluminum 
tablet stamped "0702 OURAY" 9,757.612 

Antelope Springi northeast 8 milea along road toward Lower Oreede. 

Antelope Springs, 3 miles east of, 40 feet southeast of road, 350 
yards southwet^t of side grade by river, in large triangular bowlder 
4 by 4 by 4 fec»t ; aluminum tablet stamped " 8863 0UU-4.Y " 8, 858. 886 

Boward ranch along roadi aonth of Rio Grande to point S nUlet north of Lime 

Creek. 

Lime Creek, 450 feet west of, 900 feet south of river at great bend, 
0.3 mile southeast of Kansas clubhouse, 1 mile northeast of 
Soward's house, at junction of road to south, river p^sg; iron po^ 
stami)ed " 8912 OUIiAY " 8, 907. 550 

Lime Creek, 2 miles north of, 20 feet west of road, in 4 l^ 4 by 3 foot 
bowlder; aluminum tablet stamped "8930 OURAY" 8,92Cv218 

Loet Trail Creek eait along traU down Clear Creek to Clear Creek Falli. 

Rube Harris's rauch house, 0.2 mile northwest ot 200 yards soatl^ 
west of small reservoir, 15 feet north of trail. In 4 by 4 by 2 foot 
bowlder; aluminum tablet stamped "10417 OURAY" lO^iW^lM 

Swanks Lake, 50 yards nortlieast of north end of dam, 12 feet south- 
east of road; iron post stamped "10331 OUBAY"— . 10^3SK.O48 
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Swanks ranch, 1.2 miles northeast of house, 05 feet nortl^ of junction 
of roads to Creede and Lake City; iron post stanwped "10287 y^et 
OURAY " 10, 582. 784 

Swanks ranch, 4.1 miles northeast of, 300 feet southeast of gorge, 
20 feet north of road, 40 feet south of Clear Creek; iron post 
stamped "10211 OURAY" 1 10,207.139 

Swanks ranch, 6.1 miles east of, 100 feet south of Junction of road 
with spur from Horse Thief trail, 000 feet east of creek, 600 feet 
northeast of rocky butte; iron post stamped "10143 OURAY'*... 10,138.658 

Clear Creek cvossiug, 0.4 mile northwest of, 100 f^t west of irrigat- 
ing ditci), 20 feet west of road, in 2 by 2 by 1 loot bawk^ witli 
mound of rock alongside; alumiBum tablet staaoq^ ** 100^ 
OURAY •' 10,OftV. 224 

Clear Creek orouing above falli eouth alonr road to San Joan ranch. 

Divide between South Clear Creek and Rio Orande, 100 yards north 
of, 50 feet east of road, in 10 by 6 by 4 foot bowlder; aluminum 
tablet stamped "9530 OURAY'* », 52a 315 

Forks of road to Bmerald Lakei nortk to FoinI BnrweU. 

Los Pinos River, 0J2 ^lile southwest of mouth of Falls Creek, 12 
miles northeast of Graham's ranch, southeast of trail, in front of 
8-inch spruce tree, about 400 feet west of high waterfall on side of 
mountaiu, in top of pink granite bowlder; bronze tablet stamped 
" 8700 DUR " K. 8, 706. 575 

Flint Fork, 0.20 mile south of mouth of, on east side of trail, near .j. 

summit of steep ascent on south side of Flint Fork Canyon, in top 
of large granite bowlder ; bronase tablet stamped " 9323 DUR " 9, 32a 723 

Flint Fork, 2.75 miles northeast of mouth of, sc)Utheast of trail near 
clump of spruce trees, about 100 feet northeast of small mountain 
stream, in top of granite bowlder; bronze tablet stamped "9004 
DUR " 9, 909. 683 

Weminuche.Pass, 4 miles southwest of , on east side of and nearly 
level with trail, in top of granite bowlder ; bronze tablet stamped 
" 10050 DUR " 10, 056. 987 

Weminuche Pass, 9 feet east of trail, 150 feet south of sunamit of 
Continental Divide, In to;) of sandstone bowlder; aluminum tablet 
stamped " 10622 DUR " 10, 628. 774 

Weminuche Pass, 1.8 miles northeast of, 10 feet northeast of small 
creek, 60 feet southwest of biased twin 9prac« tvoe on southeast 
side of trail, in triangular-shaped bowlder; aluminum tablet 
stamped "10336 DUR" 10,342.876 

Xoutli 9f Lpit Trail Creek W^Mi u^ Bio Qn^ide to Polei Creek* 

Point BurweU, 3 miles northwest of, 8 feet south of and nearly 
level with road on side of hill, in top of sandstone rock ; aluminum 
tablet stanuxed "9916 DUR" 9,923.063 

Timber Hill, 1.^ miles east of, 45 feet north of road near cow camp 
at base of hill, 2 feet above ground. In southwest face of large 
wedge-shaped rock 12 feet high ; aluminum tablet stamped " 9989 
DUR " 9, 995. 999 

Timber Hill, 1.7 miles northwest of, on edge of rocky mound, east 
side of road, 120 feet north of Pole Creek, In top of bowlder; 
aluminum tablet stamped " 10486 DUR " 10, 492. 758 
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Rio Orande west 1 mile vp Bear Oreek. 

Beartown, 3 miles northeast of, 200 feet northeast of spring branch, 
1 foot to north of road, in bowlder; bronze tablet stamped Feet. 

" 10623 DUR " 10, 629. 275 

BILYERTOH QVADRAVOLE. 
ToUfate sonth of Ouray eait Tia Bear Oreek to American Flat. 

Ouray, 5.9 miles southeast of, 150 feet south of Bear Creek trail 

at southwest comer of main cabin at Camp Snyder, in bowlder; 

bronze tablet stamped ** 10839 OURAY" 10,837.088 

Ouray, 8.5 miles southeast of, 40 feet south of trail at crossing of 

range, head of Bear Creek and west of American Flat, In bowlder ; 

bronze tablet stamped "12630 OURAY" 12,628.798 

Point near Timber Hill northwest alony road to Howardarille, thence aouth- 
west to Silverton and sonth to Xolas I^ike. 

Stony Pass, 2.5 miles southeast of, on north side of road, 50 feet 

east of trail, 170 feet east of sharp bend in road. In top of bowlder ; 

bronze tablet stamped "11473 DUR" 11,477.889 

Stony Pass, summit of, 15 feet northeast of road, in top of flat rock ; 

aluminum tablet stamped " 12594 DUR" 12, 598. 505 

Howardsville, 1.7 miles southeast of, on south side of road, 150 feet 

east of Junction with road running south ui> Cunningham Gulch, 

in top of large rock; bronze tablet' stamped " 10096 DUR" 10, 100.909 

Howardsville, 400 feet south of post office, on south side of road 

at forks, 100 feet south of bridge over Cunningham Creek, in top 

of bowider; aluminum tablet stamped "9670 DUR" 9,674.705 

Silverton, 2.3 miles northeast of, on south side of public road, 15 

feet north of track, 120 feet east of road crossing, about 400 feet 
. northeast of E. G. Stoller's residence, on top of quartz bowlder; 

aluminum tablet stamped " 9431 DUR " 9, 435. 502 

Silverton, In southeast comer of Grand Hotel block, 2.5 feet above 

sidewalk, at northwest corner of Greene and Twelfth streets; 

aluminum tablet stamped " 9302 DUR " 9, 306. 334 

Silverton, at northwest corner of section house on opposite side of 

track from Denver & Rio Grande R. R. station ; Iron post stamped 

" 9270 DUR " 9, 274. 565 

NEEDLE XOVNTAIHS QUADRAHOLE. 

Point S miles north of flsh hatchery north np Yallecito Oreek, over divide, 
and down Bear Creek to its month. 

Quartz mill, 0.5 mile north of, 90 feet north of prospect dump on trail 
and 150 feet south of junction of two branches of Vail eel to Creek, 
In top of point of rock jutting Into creek; aluminum tablet 
stamped " 8426 DUR " 8, 432. 27« 

Quartz mill, 3.7 miles northeast of, 300 feet south of creek crossing, 
foot of hill on west side of creek, 3 feet left of trail. In bowlder ; 
aluminum tablet stami)ed "8869 DUR" 8,875.000 

Johnson Creek, 75 feet south of, 250 feet west of Its junction with 
Vallecito Creek, in granite bowlder; aluminum tablet stamped 
" 9166 DUR " 9. 172. TSS 
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Vallecito Creek, west side of, 3 miles uortheast of mouth of Johnson 
Creek, 15 feet west of spring branch, 20 feet east of trail at foot Feet, 

of hill ; aluminum tablet stamped " 9578 DUR " 9, 584. 335 

Vallecito Creek, west side of, 7.5 miles north of mouth of Johnson 
Creek, 5 feet west of trail near forks of creek, in large rock; - 
aluminum tablet stamped " 10995 DUR " 11, 001. 395 

Hunchback Mountain Pass, summit of, 125 feet northwest of stone 
monument, 100 feet from west crest of divide; bronze tablet 
stamped "12487 DUR" 12,493.451 

Beartown, lower end of, 125 feet southwest of two lower cabins on 
north side of road, in bowlder on rocky point ; bronze tablet stamped 
" 11157 DUR " 11, 162. 684 

Vallecito Creak west np Johnson Creek 8.5 miles (single spur line). 

Johnson and Vallecito creeks, 3.5 miles above junction of, 200 feet 
south of cabin, in bowlder 30 feet from trail ; bronze tablet 
stamped "11077 DUR" 11,083.722 

Point 8 miles northeast of Coal Bank Hill northeast to Xolas Lake. 

Molas Lake, 2.5 miles southwest of, on west side of road, 1,000 feet 
south of summit of hill. In top of limestone bowlder 8 feet in 
diameter ; aluminum tablet stamped " 10790 DUR " 10, 796. 701 

Molas Lake, 100 feet north of log house on southeast side of Silver- 
ton and Cascade toll road, in top of embedded granite bowlder; 
bronze tablet stamped " 10506 DUR " 10, 513. 237 

Point near Xolas Lake south along Denver ft Bio Grande B. B. (Silverton 
branch) to point 7 miles north of Bookwood. 

Mllepost " D 491 ", 10 feet west of, on top of granite bowlder 5 feet 
east of track ; chiseled cross 9, 022. 51 

Elk Park, 1 mile north of, 350 feet north of mllepost "D 490", 20 feet 
east of track at curve, in top of flat bowlder; aluminum tablet 
stamped " 8924 DUR " 8, 930. 403 

Elk Park, in front of signboard ; top of rail 8, 874. 7 

Elk Park, 2 miles south of, 26 feet west of track, opposite mllepost 
" D 487 ", in granite outcrop ; aluminum tablet stamped *^750 
DUR " 8, 757. 097 

Needleton, 3 miles north of, 19 feet west of and 4.5 feet below track, • 
200 feet south of mllepost "D 484", in top of granite ledge; 
aluminum tablet stamped " 8430 DUR "— 8, 436. 556 

Mllepost "D 482", 50 feet northwest of, 7 feet east of track, on 

granite ledge; chiseled cross 8,230.08 

Needleton, 0.25 mile north of, 6 feet west of track, in outcropping 

rock; aluminum tablet stamped " 8142 DUR" 8, 148. 831 

Needleton, in front of platform ; top of rail 8, 133. 8 

Needleton, 3 miles southwest of, 9 feet west of track, opiwslte mile- 
post "D 478", in top of granite ledge; aluminum tablet stamped 
" 7846 DUR " 7, 853. 102 
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MtkmuA MXtk Urns Bwvm ft Bte flmMi m. m. 1 aOt^ 

Bockwood, 7.4 miles north of, 2.1 miles soutb of Cascade aiding 
east side of canyon of Animas River, 3 feet above Penver & Rio 
Grande R B. (SUverton branch) and 10 feet from center of 
track, 800 f^t north of nUlepost 475 D, in f^ce of granite bluff; Feet 

copper bolt stamped " U. 8. G. S.— 7587 ft B. M." 7, 5W. 365 

Kockwood Borth aloiif mtfQB road to point 8 miloi nortlieaat of Coal Bank KIIL 

Bockwood, 5.8 milea north of, opposite north ^id of law limewtanfl 
butte, 12 feet west of road about two-thirds way np steep hill, 25 
feet southeast of bla«»d quaking ^apesk and 520 taet south of fsnce 
comer (east side), on limestone bowlder 2 by 1 feet; chisied 
circle 8, e». 88 

Bock wood, 7.6 miles north of, 30 feet west of road hi fence coraer, 
375 feel south of Elbert Creek, 80 feet southeast of T. Mahon*8 
" Butter ranch ; " iron post stamped " 8795 DUB " 8, 802. 106 

Columbine I^ke; surface of water 8v795 

Bockwood, 9.5 miles north of, 0.2 mile south of main road forks, 
15 feet east of road, 100 feet southwest of small pond, on sand- 
stone bowlder 2.5 by 4 feet; chiseled square 8,883.73 

Cascade Creek bridge, 45 feet north of north end of, 20 fpet west 
of center of road, in granite rock 3 by 4 feet ; copper bolt stamped 
" 8721 DVn " 8, 727. 367 

Cascade Creek bridge, 5 miles north of, 8 feet north of road, 14 feet 
west of 24-inch spruce stump, 75 feet south of summit Coal Bank 
Hill, In diamond-faced limestone rock 3 by 3 feet; copper lioH 
stami>ed "F. S. G. S.— 10654— B. M" 10,600.768 

Coal Bank Hill, 2.8 miles northeast of, on north aide of road 40 feet 
northeast of bridge over small creek, at point where ro«d makes a 
horseshoe bend, in top of embv^dded limestone bowlder; br<HWie 
tablet stamped "9(H2 PUB" ft. 64a 131 

Weat rattok on Kookwood-Mlvorton road wett to Hermoaa Park, tkeaoe loiitk 
do(«» Konaooa Ooook to Boatk Foik. 

Boad forks to q|B«*mosa Park and Silverton, 0.4 mile northwest ot at 
top of first hill, 3 feet from north edge of outcrop and 25 feet 
north of road, on fiat sandstone ledge ; chiseled square 8, ^Z^ Vi 

West ranch, 2 miles northwest of, at summit in road between 
Hermosa Park and Bockwood-Silverton wagon road, 10 feet soutU 
of 12-inch spruce, in 2 by 2 foot sandstoue bowlder; copper bolt 
stamped "9805 DUB" a,8U.T57 

Hermosa Park, 1 mile east of, 12 feet south of cent^ of ro«id, 300 
feet west of foot of steep rocky hill, in red sandstone ledge 7 by 7 
feet and 2 feet above ground ; copper bolt stamped " 8898 DUB "— 8. 90&. ^6 

Hermosa Park, center of, 50 feet southwest of bridge over Hermosa 
Creek, at top of west bank, 0.5 mile north of Junction of e^ 
fork; Iron post stamped "8807 DUB" ^- 8.8c^d96 

Hermosa Park, 1.4 miles south of, 30 feet east of trail at top of 
high bluff over Hermosa Creek, on sandstone bowlder 2.5 by 
2.5 feet; chiseled square 8,808.92 
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Hermosa Park, 6.4 miles south ot 50 feet northeast by north of 
164nch fir, 80 feet west of 20-inch dead fir near knoll in park, 
10 feet west of trail, 50 feet east of creek, 45 feet south of 12- 
ineh spruce, in round red sandstone bowlder 3 iTeet in diameter; Feet 

copper bolt stamped " 8219 DUR " 8, 226. 434 

HeriBOsa Park, 10.5 miles south of, h!t tiiOnDi of south fork of Her- 
mosa Creek, near east wall of canyon, 150 feet east of coek cabhi 
at tie camp, 250 feet east of stream forks, 25 feet west by north 
of 8-inch pine and 30 fteet sotttheast of 15-Inch sprtice east of ttall, 
la sandstone bowWer 2 by 4 t&st and 3 feet above ground ; copper 
bolt stamped " 7700 DUR " 7, 'ftje. 862 



HtmoMi Park north and west to fleotok Ore^ iuii Ao«m or^ek to podit 

noar Bioo. 

Hermosa Wrk, 1.8 mile* ffotth of, 40 fWt south of 24-lnch spruce 
tree at month of west fork of Hermosa Creek, in White sandstone 
rock ; bronze tablet stamped " 8986 DUR " 8, 992. 709 

Hermosa Park, 5.25 miles northwest of, 15 feet southwest of road, 
at summit of divide between ttertoo^a Creek and t)olores River ; 
iron post stamped "10413 DUR" 10,419.569 

Rico, 6.25 miles southeast of, on north side of road, 300 feet west 
of where road crosses to north branch of Scotch Creek^ in top of 
red sandstone outcrop ; bronze tablet stamped " 9247 DUR " 9, 253. 935 

BICO aXTABBANOLE. 
Down Bootoh Crook to Bioo. 

Rico, 3 miles south of» on north side of road, 150 feet «*ist Of ^^>rkft 
of road to Durango, in top of conglomerate bowMer; aluminum 
tablet stamped "8538 DUR" 8,54*^.005 

Rico, 1 mile south of, at forks of road, 150 Teet south <rf sotith side 
of cemetery, on granite bowlder; chiseled cross 8,722.79 

Rico, in top of west end of balustrade at south side of main entrance 
to courthouse; aluminum tablet stamped "8824 DUR'^ 8,831.015 

Rico, 50 feet south of Rio Grande Southern R. R. station, near 

northeast corner of small park ; iron post stamped " 8714 DUR "— 8, 720. 825 

Bioo woot to ivnunlt of Bzpootatfon KOilntatn. 

Expectation Mountain, summit of, 20 feet northeast of triangulation 
station, in top of 15 by 15-inch embedded granite bowlder ; bronze 
tablet stamped "12065 DUR" 12,072.Qd8 

Ohromo, Ignacio, and l^agosa Springs 30' quadrangles. 
ARCRVL^A AHB LA PLATA COtlfTffil. 

The elevations in the following list are based upon primary level- 
ing in this area. 

The leveling in the Ignacio quadrangle was done in 1896 by C. W. 
Beach, in 1899 by T. Winsor, in 1900 by J. P. Darling, in 1906 by 
A. K. Carver, and in 1907 by F. A. Nussle; that in the Pagosa 
Springs qnadWingle in 1899 by Winsor, in 1906 by Carver, and in 
1907 by Nussle; and that in the Chrome quadrangle in 1906 by 
Carver. 
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The considerable error in stamped elevations is due mostly to the 
assumed data upon which the field work was done, and partly to the 
errors in field c(Mnputation. 

IGVACIO aXTABRAKGLZ. 
Dvnuico north to Anlmaa, thOBCo oait to Florida Yalloy. 

Durango, Smelter State Bank building, Newman Blocls, in second 
course of masonry, southwest comer of foundation ; bronze tablet Feet 

stamped " 6517 " 6. 524. 351 

Durango, in southwest comer of masonry foundation of courthouse, 
1.5 feet above ground ; bronze tablet stamped " 6551 " 6, 558. 667 

Durango, in front of station, top of rail 6,510.0 

Animas, 4 miles east of, 40 feet northwest of junction of Animas 
City and Florida Valley wagon road, on west side of Florida 
Valley ; iron post stamped " 7146 " 7, 153. 403 

Duranffo nortbeait to Bluff triangnlatloii station. 

Durango, 3.5 miles northeast of, In bed rock 2 feet south of monu- 
ment, top of highest peak on ridge east of BluflT triangulation 
station, at head of Horse Gulch ; bolt marked " U. S. G. S. 8169 Ft. 
B. M." - 8, 175.961 

Dnranffo west to Llghtner Creek, thonoe north to Junction Oreok (spur line). 

Durango, 5 miles west of, in forks of Llghtner Creek, 80 feet north- 
west of highway bridge crossing Dry Fork of Llghtner Creek; 
iron ix)8t stamped "6944" 6,951.274 

Animas, 4.5 miles northwest of, 7 feet north of road along Junction 
Creek and 0.2 mile below deserted sawmill; iron post stamped 
" 7258 " 7. 264. 767 

Animas north along Denver ft B.io Grande B. S. to Rockwood. 

Trimble Springs, 2.5 miles south of, in south base of large bowlder 
10 by 8 by 6 feet, east side of road running along west side of 
Animas Valley; iron post stamped "6569" 6,576.296 

Hermosa, near Denver & Rio Grande R. R. (Silverton branch) sta- 
tion, 125 feet west of tracks on south side of Durango wagon 
road; iron post stamped "6630" 6,637.509 

Rockwood, 100 feet north of, within boundaries of railroad Y 
switch; iron post stamped "7348" 7,354.913 

Hermosa northwest up Hermosa Oreek to South Fork. 

Hermosa, 3.5 miles northwest of, 15 feet east of trail, in flat, north 
of Hermosa Creek; iron post stamped "7709" 7.716.529 

Point 4 miles east of Animas on Florida BiTer east via Spring Guloh to 

Columbus, 

Nelson's shingle mill, 0.2 mile northeast of, 1.3 miles southwest of 
Bchoolhouse, district 14, east side of road, 35 feet north of bridge 
over head race ; iron post stamped " 7325 DUR " 7, 332. O40 
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Stark's sawmill, 1 mile southwest of, on southeast side of road, 10 
feet west of gate at entrance to lane leading to Eschoven's resi- Feet, 

dence, 300 feet distant ; iron post stamped " 7547 DUR " 7, 554. 279 

Stark's sawmill, 1.5 miles northeast of, 5 feet south of fence comer, 
at forks of ^roads, 100 feet east of bridge over Florida River ; iron 
post stamped " 7770 DUR " 7, 776. 061 

Columbus, 500 feet west of post office, at forks of road; iron post 
stamped " 7321 DUR " 7, 327. 660 

OolumlraB northeast along Pine Biver to point 8 milea northeast of Graham 

ranch. 

Columbus, 3 miles northeast of, near angle In rail fence, on east side 
of road, 200 feet north of bridge over drain; iron post stamped 
" 7496 DUR " 7, 502. 701 

Columbus, 6.5 miles north of, by a wire fence, on southeast side of 
road, at junction with road running up Vallecito Creek ; iron post 
stamped "7617 DUR" 1 7,623.705 

Graham's ranch, 0.5 mile southwest of, on north side of road, 17 feet 
west of bridge over Pine River, near beginning of trail up river, 
in top of bowlder; aluminum tablet stamped " 7747 DUR " 7, 753. 511 

Yallecito north up Yalleoito Creek to point 8 miles north of flsh hatchery. 

Fish hatchery. 0.7 mile south of, 250 feet south of small creek, in 
granite bowlder; aluminum tablet stamped **7720 DUR" 7,726.050 

Fish hatchery, 2 miles north of, 100 feet south of branch of Vallecito 
Creek, at foot of large pine tree on west edge of trail, in flat 
rock; aluminum tablet stamped "7926 DUR" 7,933.168 

From mllepost 418 west along Denver ft Slo Grande S. B. to La Boca, thence 
northwest along railroad to Burango. 

Milepost 413, 100 feet south of, on opposite side of track, near tele- 
graph pole, 30 feet south of track, 630 feet southeast of private 
road crossing and cattle guard; iron post 6,341.952 

Milepost 415, 500 feet northwest of, 50 feet south of track. 20 feet 
east of telegraph pole, 100 feet south of private road; iron post.- 6,305. 841 

La Boca, 60 feet west of track, 20 feet east of road, 300 feet north 
of water tank; iron post 6,171.719 

La Boca, in front of station; top of rail 6,167.5 

Ignacio, in front of station; top of rail 6,431.2 

Ignacio, 4.4 miles southeast of, 50 feet west of track, 100 feet east 
of road; iron post stamped "6252" 6,258.768 

Ignacio, 200 feet east of station, 100 feet east of road ; iron post— 6, 427. 460 

Ignacio, 2.3 miles northwest of, 50 feet northwest of road crossing, 
30 feet south of track, 600 feet southeast of milepost 428; iron 
post 6, 529. 448 

Ignacio, 7.2 miles northwest of, 100 feet southwest of road crossing, 
40 feet south of track; iron post 6.597.022 

Florida, 1.7 miles southeast of, 80 feet southwest of milepost 435, 

60 feet southwest of track, 150 feet east of private road ; iron post. 6, 720. 528 

Florida, 50 feet south of freight platform, 250 feet northwest of 
bridge near telegraph pole; iron post 6,690.170 

Milepost 445, 75 feet east of, 50 feet east of track, 1,500 feet north 

of road; iron post 6,779.973 
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Durango, 6.3 mites sontheast of, 20 f^t flouth of t&Mi, SOO iPeet sonth Feet. 

of track, on side of hi!!; iron iwst 15, 72S.417 

B^ocea, in front of station ; top of rati ^ 6, 698. 1 

Durango, about 3 miles south of, 150 feet southeast of east end dt 
Florida road, wagon bridge over Las Animas River, 60 feet west 
bf railroad, in top of large red bowlder; aluminnm tablet (Rec- 
lamation fiervice bench mark No. 3) 6,416.176 

Oolorado-lTew Mezioo line north along Denver ft Bio Grande B. B. to point 
8 miles tomth of Dnraago^, ^enoe east to petnt 6 nnHee east of BayfleM. 

. Note. — ^The elevations of the first five of the following bench 
marks may be 3 feet greater. 

Colorado-New Mexico line^ 0.3 mile northwest of, in 'State of Colo- 
rado, 10 feet north of milepost "D 467"; iron post stamped 
" 5936 " ^ . 5. 033. 290 

Colorado-New Mexico line, 4.2 miles north of, 0.1 mile son^ of mite- 
post " D 463," opposite water tank, in line of telegraph pole ; iron 
post stamped "5-6049" 6v 046. 223 

Castelar, 1 mile sonth of post office, 30 feet west of road, on top of 
mesa; iron post stamped "6139" 6,136.079 

Castelar, 3 miles north of, 30 feet west of road, on ridge ; iron post 
stamped "B. M. 219 6210" 6,206.571 

Castelar, 3.4 miles north of. sec. 36, T. 34 N., R. 10 W., 30 feet west 
of wagon road above and 150 feet west of house of Weaselskln (a 
Ute Indian), on right bank of Animas River, In top of buried 
granite bowlder 3 by 4 feet, about 2 feet above ground ; aluminum 
tablet stamped "6202" (Reclamation Service bench mark No. 4; 
its elevation 6,199.798 feet) 6,206.218 

Note. — A break of 8 feet is made in the compnted line here on ac- 
count of circuit closure and the closure on this and a following 
Reclamation Service bench mark. 

Castelar, 6.2 miles north of^ 20 feet west of road, on top of mesa; 
iron post stamped "0344 B. M. 223" 6^344.819 

Bocea, 0.5 mile southeast of station, 20 feet south of road, 50 feet 
sonth of railroad track, on side of hill ; iron post stamped " 6728 
B. M. 230"— 6^728.317 

Bocea, 2.5 miles east by 0.5 mile north of, road forks at northeast 
comer of B. Bellino*s field ; Iron post stami)ed " 6993 B. M. 233 "— 6^ 992. 276 

Bocea, 4.5 miles east by 1.25 miles north of, 1 mile east of Florida 
River, 50 feet north of road, near lone pinion tree; iron post 
stamped "6917 B. M. 225" 6,017.498 

Bayfield, 6.5 miles northwest of, 20 feet south of road, on top of 
ridge; iron post stamped "7071 B. M. ^8" 7,071.630 

Bayfield, 3 miles southwest of. 25 feet north of road, 60 feet west 
of large pressure v'lve; iron i)08t stamped " 6855 B. M. 242 " 6, 864. 754 

Bayfield, 0.5 mile west of, in road forks of Durango and Ignacio 
road, on west side of Pint: River; iron post stamped "6013 
B. M. 245"- ^ 6,013.426 

Bayfield, 2.8 miles east of, 20 feet west of road, on top of ridge 600 

feet east of deserted mill ; iron post stamped " 6940 B. M. 249 "— 6, 950. 880 

Bayfield, 5.9 miles east of, 20 feet west of road, 30 feet south of 
arroyo ; iren post stamped " 7224 B. M. 262 " 7, 225w 160 
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Bayileld south down Pine River to State line. 

Bayfield, 3.5 miles south of, 15 feet west of road, in line with cedar Feet, 

bush; iron post 6, 789. oOi] 

Ignacio ageno*, at west end of highway bridge, old (Jeologlcal Sur- 
vey iron post stamped "6469 B. M. 326" 6,478.447 

PAOOSA SPRINGS QUADRANGLE. 

Graham's ranch northeast 8 miles. 

Graham's ranch, 3 miles northeast of. beside wire fence, 10 feet east 
of pite through wliich trail i)asses. in top of granite bowlder; 
bronze tablet stamped " 7873 DUU " 7, 879. 156 

At Thomas Be Spaeth's store. 

Thomas & Spaeth's store, southeast comer of, 160 feet north of 

track; iron post 6,221.171 

State Une crossing near milepost 884 west along Denver & Rio Grande R. R. 
to milepost 410. 

Juanita, 150 feet southeast of i)ost office and freight platform, 60 

feet north of track, 150 feet south of Navajo liiver ; iron iK)8t— > 6, 327. 606 

Pagosa Junction, southwest fence corner of W. Zabriskl's store, 150 

feet north of track, 200 feet northwest of station ; iron i)ost 6, 266. t)48 

Milepost 392, 75 feet east of, 40 feet north of road crossing, 200 feet 
north of San Juanita River, in sandstone bowlder ; aluminum tablet 6, 231. 805 

Carracas, 90 feet south of signboard, 10 feet west of northwest 
corner of section house; iron post 6,166.213 

Milepost 397, 300 feet northwest of, 50 feet north of track, 30 feet 

south of road and wire gate, in fence corner; iron post 6. 127.621 

Milepost 399, 15 feet south of, 50 feet north of track, 75 feet south 

of road; iron post 6,094.745 

Arboles, northwest corner of It. A. Kodriguez store and i)ost office, 

100 feet south of track; iron post 6,004.384 

Arboles, in front of station; t(i» of rail 6,007 

Milei)ost 406, 150 feet northwest of, 70 feet northeast of road cross- 
ing; iron post 6,124.600 

MileiX)St 409, 0.7 mile east of, 50 feet southwest of road cro.ssing, 20 

feet west of Irrigating ditch, 40 feet south of track ; iron i)ost 6, 169. 036 

Point 6 miles east of Bayileld east along road to dike. 

I>ange ranch, 300 feet east of ranch house, in road forks ; iron post 

stamped "7333 B 255" 7,332.670 

Mack ranch, 2.3 miles east of, top of Yellow Jacket divide, 10 feet 

west of road ; Iron post stami)ed *" 7900 B. M. 258 " 7, 899. 822 

Piedra, Charles Freemrfn's ranch, 15 feet north of road, on top of 

small ridge; iron post stami^ed "7024 B. M. 262" 7,021.044 

Campbell's ranch, 0.4 mile soinh of, 20 feet east of road; iron iK)st 

stami)ed "6670 B. >1. 205" 6,669.257 

Harland's ranch, forks of Bayfield-Pagosji Springs and Baytield- 

Arboles roads; iron post stauii)ed 'MM50 B. M. 268" 6,448.966 

97938°— Bull. 486—11 7 
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Harland's ranch, 2.8 miles southeast of, 15 feet east of road, on Feetj 

Devil Hill; iron post stanii)ed "6751 B. M. 271 " 6,749. 

Harland's ranch, 6.3 miles southeast of, 15 feet west of road, on top 

of ridge; iron post stamped "6794 B. M. 274" __._ 6,793.12 

Dike east alng Penver & Rio Grande B. R. to Fagoui Springs. I H 

>rl 

Dike, opposite Biguboard: top of rail 0,807.6 tj 

Dilce, 600 feet east of post office, 12 feet north of road, 40 feet south 

of {Tiwk; iron post »tami)ed **6801 B. M. 277" 6,K(K).6) 

Dilce, 3.5 miles northeast of, 50 feet north of milepost " 1) 411." 60 

feet south of n>ad; Iron post stami)ed "7020 B. M. 2S(j" 7, O20.(«^ 

Nutria, in front of slpiibf^ard; top of rail 7, 043. 7 

Hatcher spur, 0.5 mUe north of, 30 feet east of mlleiK)st *'l) 414"; 

iron post stamped "7379 B. M. 283" 7,378.519 

Sumetha. in front of signboard: top of rail 7,508.0 

Sumetha, 1.2 miles northeast of, 60 feet north of track, 20 feet east 

of road; iron post stampe<l "7463 B. M. 2S7 " 7.463.111) 

Pagosa Springs, south end of station platform, in line with front 

of station; iron i)osc stamped "7104 B. M. 290" 7,108.522 

Pagosa Springs, in base of watering trough; aluminum tablet 

stamped "7079 B. M. 291" 1,078.9:^ 

Pohit 8 milei northeast of Yallecito northeast along Pine River to Junction 
with trail northwest to Emerald Lake. 

Graham's ranch, 6 miles northeast of, 30 feet north of trail, about 
0.2 mile northeast of Pine River crossing, in top of flat triangular- 
shaiied bowlder; bronze tablet 8tami)ed "7985 Dl'R" 7,991.443 

Graham's ranch, 8.5 miles northeast of, 17 feet northwest of forlcs 
at junction with trail running northwest to Emerald Lakes, 0.1 
mile northwest of I^ke Fork, in top of granite bowlder; alumi- 
num tablet stami)ed "8185 DVR" 8,191.582 

CHROMO QUADRANGLE. 

Pagosa Springs southeast along road to Edith. 

Pagosa Springs, 4.1 miles southeast of, 15 feet east of road, on 
top of ridge; iron post stami»ed "7248 B. M. 290" 7.244.812 

Pagosa Springs, 8 miles south of, 15 feet north of road, on toi) 
of Eightmile Hill, 30 feet east of road forks, in top of a 4-inch 
iron pipe buried In ground; aluminum tablet stamped "7521 
B. M. 300 " 7, 517. 868 

Halfway House, 0.2 mile east of, 15 feet east of road, near burnt 
pine stump, in top of sandstone bowlder; aluminum tablet 
stamped "7135 B. M. 304" 7.132.858 

Halfway House. 3.6 miles east of, on top of divide 15 feet south of 
road, 50 feet east of track. In top of sandstone iK)st ; aluminum 
tablet stamped "7758 B. M. 307" 7,753.995 

Halfway House, 8 miles south of, 15 feet east of road, on top of 
ridge, in top of sandstone post ; aluminum tablet Btaiui^ed " 7402 
B. M. 311" 7,398.319 
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I 

...^rangro, La Plata, Lewis Creek, and Mancos 15' quadrang^les and Cortez and 
! Ignaclo 30' quadrangrles. 

II : J LI PLATA AND MONTEZIHA COOTIES. 

" The elevations in the following list are based on heights of bench 
(marks at Duraiigo. 
'^^ j The leveling was done in 1910 by M. R. McDanal. 

.1 DXmANGO aVADBAKOLE. 

I>iumnffO west along Bio Orande Southern B. B. 8 milei (donble-rodded line). 



Feet. 
DuraiiKo, near freight depot, west of railroad; iron pin in bowlder. 6,510.19 
Duraugo, 1 mile west of; Iron pins in cross tie on trestle over 

Lightner Creek 

Durango, 1.7 miles west of, near road crossing at brickkiln; iron 

l>ins in bridge over Llghtner Creek 



6, 522. 46 
6, 522. 44 
6, 595. 52 
6. .51)5. 45 
Durango, 2.1 milts west of; spike In base of milepost 100 0,059.40 

lONACIO 80' QUADBAKOLE. 

Point 4 miles west of Durango along Bio Grande Southern B. B. to point 
8 miles west of Porter. 



Durango, i miles west of, on south side of railroad; cross marks inj 6, 943. 2S 

bowlder [ 6, SM3. 20 

Porter, 2 miles east of, south side of wagon road, 4 feet from soatb- 
west corner of frame shack, 12 feet above road, in sandstone 

ledge; aluminum tablet stamped "0980" 6,9TT. 12S 

Porter, 1 mile west of; nail in north side of mIleiK)st 150 7,129.38 

Porter, 2 miles west of; s{)ike in base of mile|x>st l.^»5 7,191.04 

Porter, 3.3 miles west of, on small divide, north side of highway ;f 7,382.66 
bolt hi top of stump -.| 7,382.63 

LA PLATA QUADBANOLE. 



?oint 8 miles west of Porter northwest along railroad to Menefee (double- 

redded line). 

Porter, 5.5 miles west of, northeast side of crossing of railroad and J 8, 003. 93 

highway; cross in top of bowlder | 8,003.91 

ITte Jnnjtlon. 0.1 mile east of, at north end of Y; bolts in base off 8,100.51 

switch block .[ 8. 100. 57 

Hieaperus, south end of siding, at tool house; bolts in base of switch J 8, 116. 67 

bl©ck I 8, 116. 71 

Hesi)erus, 50 feet west of station, 6 feet below level of track, in 

granite bowlder; aluminum tablet stami^ed "8113" 8,110.978 

Hesperus, 1.1 miles west of, on north side of track ; cross loarks on J 8, 240. 87 

top of bowlder [ 8,241.23 

Hesiierasy 1.4 miles west of; spikes in north side of base of mile- J 8,289.39 

post 144 1 I 8,289.34 

He8i>erus, 2.4 miles west of; spikes In north side of base of mile- J 8,412.72 

post 143 I 8,412.67 

Besperas, 3.5 miles west of, at branch road to north ; spike in base 

of switch block 8, 5.'»6.93 

Sesperus, 8.8 miles west of, top of divide, 50 feet south of railroad. 

In sanclstotte bowlder ; alumlBum tablet stamped *' 8585 ", 8, 582. 310 
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r 8 1 V) 88 
Dix, 2.4 miles west of; spikes in north side of base of milepost 134_'^ ' ^_^ .. 

Grady, at east end of siding; spilce in base of milepost 133 8, 132. 58 

Grady, 1.7 miles south of, on divide between Maneos River and 
Cherry Creek, 25 feet south of wagon road, 200 feet south of 
frame shack, 25 feet north of blazed pine tree, in sandstone bowl- 
der; aluminum tablet stamped "7956" 7,053.510 

Menefee, 0.3 mile west of. 520 feet east of mileixjst 325, 8 feet l)eIow 
and 10 feet north of railroad track, in sandstone Iwwlder; alumi- 
num tablet stamiKHl "721i3" __. 7,2(50.516 

MANGOS QUADRANaLE. 

Menefee Bouthwest alonp Bio Grande Southern R. R. to Mancoi, thence south- 
west along highway to Point Lookout (double-rodded line). 

Menefee, 1.5 miles west of; spikes in base of milei>ost 124 7. 148. 97 

Menefee, 2.3 miles west of, at siding to south; bolt In base of switch 
block 7, 080. 03 

Maneos, intersection of Main Street and Grand Avenue, southwest 
corner of First National Bank building, in third course of ma- 
sonry; aluminum tablet stamixni "7035" 7,032.588 

Maneos, 0.9 mile west of, in fence around McGrew's residence; 
spike in base of gate post 6,964.49 

Maneos, 2.7 miles west of, on south side of road 250 feet east of 

yellow house north side of road: spike In base of gate post 6,871. 64 

Maneos, 3.1 miles west of, at T road south; spike In base of fence 
post - 6, 788. 61 

Mud Creek, 0.1 mile east of, top of hill at sharp bend In road', north 
side of road; spike In fence post 6,694. 50 

Mud Creek, 60 feet east of bridge, on fence Hue, north side of road, 

in granite bowlder; aluminum tal)let stamix^d **6f;31" 6,628.414 

Mud Creek, 1.1 miles west of, 200 feet north of road; spike in base 
of telegraph pole 6,683.51 

Mud Creek. 1.5 miles west of; spike in east end of truss of bridge 
over dry arroyo 6,716.50 

Government Cabin, 40 feet southwest of, at entrance to Mesa Verde 
National Park, In sandstone bowlder; aluminum tablet stamped 
" 7239 " - 7,236.402 
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\ I 

Feet ' 

Cima, west end of siding ; spike In base of switch block 8, 581. 13 j 

Clma, 1.3 miles west of ; spikes In north side of base of milepost 140. | ^' ^' ^^ i 

I 8, (j62. 81 j 

Cima, 2.3 miles west of ; spike in north side of base of milepost 139— 8, 443. 94 I 

Clma, 3.3 miles west of; spikes in base of milepost 138 J ^' '^"■** ^' ' 

"I 8.324.90 

Cima, 4.3 miles west of; spike In north side of base of milepost 137_ 8, 253. 70 

Clma, 4.8 miles west of, east end of siding at Dlx ; spikes in base off 8. 217. 42 
switch block j S, 217. 54 

Dix, 20 feet south of main track, midway between switch block at 
west end of siding and derail switch block, 330 feet west of station 
sign, in sandstone bowlder : aluminum tablet stamped " 8209 '\ 8, 206. 668 

Dlx, 0.4 mile west of; spikes in north side of base of milepost 136— | ?' ^^' ^ 

I 8, 187. 98 

Dlx, 1.4 miles west of; spikes In base of north side of milepost 135- 1 
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Government Cabin, 0.3 mile south of, divide t)etween Mancos and 
Dolores rivers, just north of road at edge of park boundary; Feet, 

spike in base of cedar tree 7, 457. 45 

Lookout triangulation station. Mesa Verde Park, in sandstone 
bowlder at base of plnyon tree used as signal ; aluminum tablet 
stamped " 8431 " 8, 428. 451 

Point Lookout south along trail to point 8.5 miles south of Xorfleld Canyon 
(single-rodded line). 

Morfleld Canyon, 0.9 mile from head of, 25 feet northeast of trail ; 
top of sandstone bowlder 7. 742. 40 

Morfleld Canyon, 2.2 miles from head of, quarter corner 150 feet 
west of large bowlder, 150 feet east of blazed pine tree ; top of 
stone 7, 529. 98 

Morfleld Canyon, 2.3 miles from head of, cabin, 200 feet south of, 
700 feet north of windmill, In sandstone bowlder ; aluminum table t 
stamped " 7510 " 7, 507. 123 

Morfleld Canyon, 2.4 miles from head of, in base of foundation of 

windmill ; spike 7. 483. 00 

East Oap at head of Morfleld Oanyon to West Fork Canyon (single-rodded 

line). 

Divide between Prater and Moccasin canyons, 25 feet south of trail ; 

nail in root of lone pine tree 8, 32."). 44 

Divide between Moccasin Canyon and east fork of School Section 

Canyon, south side of trail: top of sandstone bowlder 8,357.51 

School Section Canyon, head of east fork, on north side of trail ; top 

of sandstone bowlder 8,231.59 

School Section Canyon, ridge between east and west forks of, on 

north side of trail; top of sandstone bowlder 8,340,314 

School Section Canyon, head of west fork, 25 feet north of trail, 50 

feet south of rim rock, in northeast corner of sandstone bowlder ; 

aluminum tablet stamped '* 81.55'* 8,152.351 

Park south along trail 2 miles (single-rodded line). 

Park, triangulation station, in base of sandstone bowlder ; aluminum 

tablet 8, 571. 51 

Park, 0.4 mile south of, on ridge, east side of trail ; top of sandstone 

bowlder 8, 420. 49 

Park. 1.7 miles south of, on ridge, in old ruins on west side of trail ; 

top of sandstone bowlder ^ 8,086.56 

Park, 2.1 miles south of, on ridge, at bend, on southeast side of 

trail ; top of sandstone bowlder 7, 982. 87 

Head of Soda Canyon west to ridge between west prong of East Fork and east 
prong of West Fork of Little Soda Canyon (single-rodded line). 

Soda Canyon, head of, in trail 300 feet west of drain ; top of sand- 
stone bowlder 8, 154.67 

Soda Canyon and prong of east fork of Little Soda Canyon, on 
head of ridge between, old trail ; top of saudstone bowlder 8, 398. 99 

Little Soda Canyon, head of ridge between east and west prongs of 

east fork of, on north side of trail; toi) of sandstone bowlder 8, 308. 32 
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Little Soda Cauyon, ridge between west prong of east fork and east 

proug of west fork of, on north side of trail ; top of sandstone F<?et. 

bowlder 8, 302. 48 

LEWIS OEEEK aVABBAKOLE. 

Point 4.5 milei south of head of Morfleld Canyon soutli 1.8 miles (slngle- 

rodded line). 

T. 35 X., R. 14 W., 500 feet southwest of comer between sees. 32 and 
33, 5.8 miles from head of Morfleld Canyon, in sandstone bowlder 
in part of old ruins; aluminum tablet stamped *' 7220 " 7, 217. 22C 

Point 2.7 miles south of Park south 0.8 miles. 

Park, 2.7 miles south of, on ridge, east side of trail, in sandstone 

bowlder ; aluminum tablet stamped " 7895 " 7, 802. 529 

Park, 3 miles south of, on ridge, east side of intersection of trails; 
top of sandstone bowlder 7,811.24 

Milepost 76.5 on TTte Reservation line to head of Spruce Tree Oanyon. 

Milepost 76.5, on Ute Reservation line, east side of road, in top of; 
.spike 7, 357. 04 

Spruce Tree Canyon, head of, 25 feet southeast of reservoir, 200 feet 
north of Spruce Tree House, in rim rock; aluminum tablet 
stamped " 6932 "__ 6, 929. 068 

CORTEZ 80' aUADRAKGLE. 

East prong: of West Fork of Little Soda Canyon south along trail to point 
4 miles north of head of Spruce Tree Oanyon (single-rodded line). 

Little Soda Canyon, head of east prong of west fork of, 200 feet, 
north of old trail, 300 feet east of Kelly's trail ; top of sandstone 
bowlder 8, 122. 35 

Little Soda Canyon, summit and head of ridge between north prong 
of west fork of, and east fork of Navajo Canyon, 10 feet south of 
bluff, in sandstone bowlder ; aluminum tablet stamr)ed *' 8338 '' 8, 335. 538 

Little Soda Cauj^on, 1,200 feet south of head of north prong of west 
fork of, on east side of Kelly's trail ; top of sandstone bowlder 7, 994. 03 

Rim of mesa, 3.2 miles south of, 15 feet west of road, in sandstone 

bowlder by pile of rocks; aluminum tablet stami)ed " 7639 " 7, 636. 940 

East Fork of Navajo Oanyon southwest Along highway and trail to Pinyon 
(single-rodded line). 

Navajo Canyon, head of east fork of, 25 feet west of drain, 10 feet 
south of bluff; top of sjindstone bowlder 8,096.34 

Long Canyon, summit of ridge between first and second prongs of, 300 
feet south of bluff, 10 feet north of old trail, in bowlder; aluminum 
tablet stamped "a300" - 8,297.570 

Pinyon triangulation station, 10 feet east of bluff, in sandstone bowl- 
der at base of trimmed pinyon tree; aluminum tablet stamped 
"8310" 8,307.318 
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U. 8. GEOLOGICAL SURVEY 



BULLETIN 427 PLATE I 



GEOLOGICAL SURVEY BENCH MARKS. 

A, Tablet used in cooperating States. The State nanne is inserted at O. 
B and If. Copoer temporary bench mark, consisting of a nail and copper Mt^her. ^ 

A, C, and K. Tablets for stone or concrete structures. ,^. . . I r^r^rrl^ 

F, Iron post used where there is no rock. Digitized by VJ VJ\^g IV^ 



RESULTS OF SPIRIT LEVELING IN IDAHO, 1896 TO 
1909, INCLUSIVE. 



R. B. Marshall, Chief Geographer. 



INTRODUCTION. 

Scope of the work^ — ^All results of spirit leveling in Idaho previously 
published by the United States Geological Survey and all results of 
later work in the State are included in this report, rearranged by 
quadrangles. Most of the elevations are based on the precise-level 
line of the United States Coast and Geodetic Survey from Seattle, 
Wash., via Pocatello, Idaho, to Evanston, Wyo., from the preliminary 
adjustment by that bureau in 1911. 

Personnel, — ^The field work previous to 1903 was done under the 
general direction of R. U. Goode, geographer; that for 1903 to 1906, 
inclusive, under E. M. Douglas, geographer; that for 1907 under 
R. B. Marshall, geographer; and the later work under T. G. Gerdine, 
geographer, under the general direction of R. B. Marshall, chief geog- 
rapher. Credit is given to the different levelmen in the introduction 
to each list. The office work of computation, adjustment, and prepa- 
ration of lists was done mainly by S. S. Gannett, geographer, and 
D. H. Baldwin, topographer, and since 1907 under the general direc- 
tion of E. M. Douglas, geographer. 

Classification, — ^The elevations are classified as precise or primary, 
according to the methods employed in their determination. For pre- 
cise fines instruments and rods of the highest grade are used, each line 
is run in both forward and backward directions, and every precaution 
is taken to guard against error. The aUowable divergence between 
the forward and the backward lines in feet is represented by the for- 
mula 0.017VD; ^ which D is the distance in miles between bench 
marks. For primary lines standard Y levels are used; lines are run 
in circuits or are closed on precise lines, with an aUowable closing error 
in feet represented by the formula 0.05 -v©, in which D is the length 
of the circuit in miles, sufficient care being given the work to maintain 
this standard. For levels of both classes careful office adjustments 
are made, the small outstanding errors being distributed over the 

lines. 

5 
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6 SPIRIT LEVEUNG IN IDAHO, 1896 TO 1909. 

Bench marks. — ^The standard bench marks are of two forms. The 
first form is a circular bronze or aluminum tablet {0 and E, PL I), 
3i inches in diameter and one-fourth inch thick, having a 3-inch stem, 
which is cemented in a drill hole in solid rock, in the wall of some public 
building, in a bridge abutment, or in other substantial masonry struc- 
ture. The second form (F, PL I), employed where masonry or rock is 
not accessible, consists of a hollow wrought-iron post 3i inches in 
outer diameter and 4 feet in length after being split at the bottom and 
expanded to 10 inches in order to give a firm bearing on the earth. A 
bronze or aluminum-bronze cap is riveted over the top of the post, 
which is set about 3 feet in the ground. A third style of bench mark 
with abbreviated lettering {B and Z?, PL I) is used for unimportant 
points. This consists of a special copper nail IJ inches in length 
driven through a copper washer seven-eighths of an inch in diameter. 

The tablets, as well as the caps on the iron posts, are appropriately 
lettered, and for cooperating States the fact of such cooperation is 
indicated by the addition of the State name ((?, PL I). The numbers 
stamped on the bench marks described in the following pages represent 
the elevations to the nearest foot as determined by the levelman. 
These numbers are stamped with ^inch steel dies on the tablets or 
post caps, to the left of the word ''feet/' The office adjustment of 
the notes and the reduction to mean sea-level datum may so change 
some of the figures that the original markings are 1 or 2 feet in error. 
It is assumed that engineers and others who have occasion to use the 
bench-mark elevations will apply to the Director of the United States 
Geological Survey, at Washington, D. C, for the adjusted values, and 
will use the markings as identification numbers only. 

Datum, — ^All United States Geological Survey elevations are referred 
to mean sea level, which is the level that the sea would assume if the 
influence of winds and tides were eliminated. This level is not the 
elevation determined from the mean of the highest and the lowest tides, 
nor is it the half sum of the mean of all the high tides and of the mean 
of all the low tides, which is called half-tide level. Mean sea level is 
the average height of the water y aU stages of (he tide being considered. It 
is determined from observations made by means of tidal gages placed 
at stations where local conditions, such as long, narrow bays, rivers, 
and like features, will not affect the height of the water. To obtain 
even approximately correct results these observations must extend 
over at least one lunar month, and if great accuracy is desired they 
must extend over several years. At ocean stations half-tide level 
and mean sea level usually differ but Uttle. It is assumed that there 
is no difference between the mean sea level as determined from obser- 
vations in the Atlantic Ocean, the Gulf of Mexico, or the Pacific 
Ocean. 
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PRECISE LEVELING. 7 

The connection with tidal stations for bench marks in certain areas 
that lie at some distance from the sea coast is still uncertain, and this 
fact is indicated by the addition of a letter or a word to the right of 
the word ''Datum" on tablets or posts. For such areas corrections 
of published results will be made from time to time as the precise- 
level lines of the United States Geological Survey or other Government 
organizations are extended. 

Tomographic maps. — ^Maps of the following quadrangles wholly or 
partly in Idaho have been published by the United States Geological 
Survey up to August 1,1911. They may be obtained , except as noted , 
for 5 cents each or $3 a hundred, on application to the Director of the 
Survey at Washington, D. C. 



Bear Valley. 

Bisuka. 

Boise. 

Camas Prairie. 

Copur d'Alene special (Idaho-Montana) 

(10 cents). 
Garden \ alley. 
Hailey. 

Hamilton (Montana-Idaho). 
Idaho Basin. 
Meadows. 
Mitchell Butte (Oregon-Idaho). 



Mountain Home. 

Nampa (Idaho-Oregon). 

Oakesdale (Washington-Idaho). 

Pullman ( Idaho- Waahington). 

Rathdrum. 

Rocky Bar. 

Sandpoint. 

Sawtooth. 

Silver City. 

Spokane (Washington-Idaho). 

Squaw Creek. 

Weiser (Idaho-Oregon). 



PRECISE. LEVEUNG. 

Birch Creek and Weiser quadrangles. 
CANYON AND WASHINGTON COUNTIES. 

The elevations in the following list are results of a line of precise 
leveling begun at Huntington, Oreg., and run southeast along the 
Oregon Short Line Railroad in Idaho to Ontario, Oreg. This line was 
redetermined by the Coast and Geodetic Survey, being part of its 
transcontinental line of precise leveling, and was corrected to accord 
with the heights obtained by the preUminary 1911 adjustment. 

The double simultaneous method of leveling was employed, using a 
Van Orden type of precise level and special rods. 

The leveling was done in 1903 by C. H. Semper. 

For results along this line in Oregon see Bulletin 462. 

BCaOH GREEK QXTADRAFGLE. 
Point near Hnntliictoii, Orec., loiitli alone Oregon Short Line Railroad to Eaton, Idaho. 

Huntington, 5.2 miles east of, on north side of railroad, at first telegraph Feet. 

pole west of milepost 536, 8 feet from fence; iron post stamped "2069 H " . 2, 076. 919 
Huntington, 8.1 miles east of, between track and milepost 533, 18 feet east 

of track; iron post stamped "2070 H" 2, 077. 363 

01d*s Ferry, 2.2 miles east of, on north side of raOroad, 70 feet west of 

seventh telegraph pole east of milepost 530, 10 feet north of track; iron 

post stamped * * 2086 H " 2, 093, 395 
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8 SPIRIT LEVEUNG IN IDAHO, 1896 TO 1909. 

01d*8 Ferry, 5.2 milee east of, on north side of railroad, 15 feet east of fifth 
telegraph pole east of milepost 527, 10 feet north of track; iron post Feet. 

stamped*^ 2087 H" 2,094.326 

Eaton, at road crossing; top of rail 2, 104. 

Eaton, 0.3 mile southeast of, at mile post 524, on west side of track, at fence 
line; iron post stamped "2097 H" 2, 104.291 

WEISB& QXTADRAFGLS. 
Eaton alone Oxefon Short Line Railroad to point 8.8 mllei lontli of Pajette. 

Eaton, 3.2 miles southeast of, first telegraph pole west of milepost 521, at 
fence line; iron post stamped *'"2122 H" 2, 129. 792 

Weiser, 13.6 feet west of new station, 41.3 feet north of track, just inside of 
park, on fence line; iron post stamped "2107 H " 2, 115. 833 

Weiser, in front of station; top of rail 2, 113. 8 

Weiser, 3.3 miles south of, 4 feet north of milepost 515, west of trac}c; iron 
post stamped "2113 H" 2,120.494 

Weiser, 6.3 miles south of, first telegraph pole south of milepost 512, at fence 
line, west of track; iron post stamped "2112 H" 2,119.775 

Crystal, in front of station sign; top of rail 2, 122. 9 

Crystal, 2.6 miles south of, west of track, first telegraph pole north of mile- 
post 509, at fence line; iron post stamped "2123 H'* 2J30.752 

Payette, 0.9 mile north of, west of track, at fence line, 27 feet south of mile- 
post 506; m)n post stamped "2139 H" 2, 146. 328 

Payette, in front of station; top of rail 2, 147. 2 

Payette, 2.2 miles south of, 285 feet south of milepost 503, 10 feet east of 
track; iron post stamped "2139 H" 2. 147. 104 

PRIMARY LEVELING. 

Cambridge, Meadows, Squaw Creek, and Weiser quadrangles. 
B018B AND WASHINGTON COUNTIES. 

The elevations in the following list are based on the preliminary 
1911 adjusted elevation of Bench Mark G^ of the Coast and Geodetic 
Survey at Weiser, Idaho, on the transcontinental line of precise levels. 

The leveling in the Squaw Creek quadrangle was done by D. A. 
Maxwell in 1907, and that in the other quadrangles by Maxwell and 
J. G. Hefty in the same year. A check line was run in the Weiser 
quadrangle in 1908 by W. B. Jones. 

WEISB& QTTADRAKGLE. 

Weiier alone Padflo A Idaho Northern Rallwaj east 11.7 miles (cheeked Une), thenee 
north to MldTale (mean of direct and rerene Unes). 

Weiser, in west wall of brick building occupied by the Masonic Lodge, 9.84 
feet (3 meters) north of the southwest comer and 3.94 feet (1.2 meters) 
al)ove ground; copper bolt leaded in wall, stamped "U. S. B. M." (Coast 
and Geodetic Survey B. M. Gq). The Coast and Geodetic Survey descrip- Feet, 
tion gave this location incorrectly as the northwest comer 2, 121. 516 

Weiser, in west wall of brick courthouse at Old town, about 1 mile east of 
railmad station; red metal disk lettered ** Coast and Geodetic Survey 
B. M. Hfl,'' set flush with surface '2,118.520 

» The comer of building is cracked from settling, Just above the bench mark. The Coast and Qeodetlc 
Survey elevation of 2,118.234 foot was therefore not accepted. 
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Weiser, 2 miles east of, 10 feet south of track, in foot ot milepost 2; spike Feet, 
head flush with ground 2,117.79 

Weiser, 3.8 miles east of, 50 feet north of track, at edge of right of way, oppo- 
site milepost 4; iron post stamped ''2136 W" 2, 136.487 

Weiser, 5 miles east of, south side of track, in foot of milepost 5; spike 2, 148. 81 

Weiser, 5.8 miles east of, south side of track, in foot of milepost 6; spike 2, 159. 09 

Weiser, 6.8 miles east of, 50 feet north of track, at edge of right of way, 
opposite milepost 7, 30 feet east of wagon road crossing railroad at right 
angles, about 300 feet north of large yellow house; iron post stamped 
**2167 W" 2,167.278 

Weiser, 9.8 miles east of, 50 feet north of track, opposite milepost 10, at 
mouth of Weiser River Canyon, 1,000 feet southeast of unused smelter, 
in outcropping bowlder; aluminum tablet stamped "2210 W" 2, 210. 517 

Weiser, 10.8 miles east of, 10 feet south of track, in foot of milepost 11; 
spike 2,215.92 

Weiser, 12.9 miles northeast of, 9 feet west of track, 165 feet north of mile- 
post 13, at foot of low retaining wall along upper side of grade, 100 feet 
from river, in top of large flat basalt bowlder on east side of rocky bluff, 
1,800 feet south, of mouth of large stream from east; aluminum tablet 
stamped "2249 W" 2, 250. 256 

Weiser, 15.9 miles northeast of, opposite milepost 16, 40 feet south of track, 
near mound of rocks, in large basaltic bowlder; aluminum tablet stamped 
"2275 W" 2,275.217 

Weiser, 19 miles northeast of, 600 feet north of milepost 19, north side of dry 
gulch, 50 feet west of track, on point of knoll, in volcanic bowlder along- 
side mound of rocks; aluminum tablet stamped " 2338 W " 2, 338. 450 

Mid vale, 9.5 miles south of, 270 feet north of milepost 22, near mouth of 
Thousand Spring Creek, 10 feet west of track, in lai^ volcanic bowlder; 
aluminum tablet stamped **2373 W" 2, 373. 131 

Midvale, 8.5 miles south of, east side of track, in foot of milepost 23; spike. . 2, 388. 26 

Midvale, 6.5 miles south of, at sharp curve in track, 18 feet northeast of 
milepost 25, 24 feet east of track, between track and river, near mound 
of rocks, in top of large bowlder; aluminum tablet stamped "2454 W". . 2, 454. 751 

Midvale, 4.5 miles south of, east side of track, in base of milepost 27; spike. 2, 501. 66 

Diamond Springs, in front of section house; top of rail 2, 506. 9 

Midvale, 3.5 miles south of, 85 feet north of milepost 28, 14 feet east of 
track, beside a cairn of rock, top of volcanic bowlder; aluminum tablet 
stamped "2514 W " 2, 514. 811 

Midvale, 1. 5 miles south of, 45 feet west of track, in base of telegraph pole 
(milepost 30); spike 2, 528. 32 

Midvale, 0.5 mile south of, 45 feet west of track, in foot of telegraph pole 
(milepost 31); spike 2, 533. 11 

Midvale, cement block building occupied by Bank of Washington County, 
at outer entrance, on south side and inner face of entrance, about 4.5 feet 
above floor; aluminum tablet stamped "2544 W " 2, 544. 643 

MldTale eatt alone road to J. B,. MoMahan'i ranch. 

Midvale, 3.5 miles east of, on Midvale-Indian Valley road, 1,000 feet east 
of Richard Gaber's ranch house, 80 feet south of road and 40 feet south of 
wire fence in field, in volcanic bowlder, near mound of rock; aluminum 
tablet stamped "2724 W" 2, 726. 181 

Midvale, 7 miles east of, on Indian Valley-Mid vale road, 10 feet south of 
road, in base of fencepost; 30-penny nail, aliuninum tag 3, 210. 91 
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T. 13 N., R. 2 W., 80C. 21, 10.7 miles west of Indian Valley-Midvale crossroads 
1,000 feet east of ranch, 40 feet south of road, mound of rocks in top Keet. 
of volcanic bowlder; aluminum tablet stamped^** 3292 " W " 3, 293, 930 

T. 13 N., R. 2 W., sees. 23 and 24, 7.2 miles west of Indian Valley-Midvale 
crossroads, 40 feet south of county road, at J. R. McMahan's ranch, 200 
feet north of house, in volcanic bowlder; aluminum tablet stamped 
"3245 W"..: 3,246.789 

CAMBKIDGE QTTADRAKGLE. 
MidTale northeajt alone Paoiflo A Idaho Northern Railway to mllepost 56. 

Midvale, 3.2 miles north of, 9 feet north of telegraph milepost 35, 40 feet 
west of tract, 10 feet above and 40 feet north of small creek; iron post 
stamped "2587 W" 2,587.267 

Midvale, 4.2 miles north of, 25 feet southwest of milepost 36, 75 feet west 
of tract; point on large bowlder 2, 590. 46 

Tfestle 30, northeast comer; bolt head marked with chiseled cross (+) 2, 596. 82 

Midvale, 6.2 miles north of, 80 feet north of milepost 38, west side of track, 
in face of large volcanic bowlder; aluminimi tablet stamped '*2620 W".. 2, 620. 783 

Midvale, 7.2 miles north of, 140 feet west of trestle 32, 450 feet south of mile- 
post 39, on slope of rock; chisel mark on rock 2, 623. 35 

Cambridge, 70 feet north of station, at edge of right of way, comer of lot on 
south side of central boulevard, at edge of sidewalk; iron post stamped 
*'2651W" 2,65L347 

Cambridge, 3.8 miles north of, 1,800 feet north of milepost 44, at short rock 
cut near end of long low spur from main ridge to west, 20 feet west of track, 
top of bank 8 feet above level of track, in outcropping rock; aluminum 
tablet stamped "2700 W" 2, 699. 919 

Cambridge, 6.5 miles north of, 600 feet north of trestle 42 across small creek, 
at point of hill, 10 feet west of track, in cap of box culvert; drift bolt 
marked with chiseled cross 2, 718. 35 

Cambridge, 7.5 miles north of, 1.5 miles south of Goodrich Creek, 120 feet 
east of telegraph pole marked "48 miles,** 40 feet west of track, on vol- 
canic bowlder 2.5 by 2.5 by 1 foot, near mound of rocks; aluminum tablet 
stamped "2736 W* 2,735.997 

Cambridge, 8.5 miles north of, 150 feet south of milepost 49, 70 feet east of 
track in root of lone leaning cotton wood tree in field ; nail 2, 736. 31 

Council, 8.5 miles south of, 100 feet south of railroad bridge 47 across Weiser 
River, 20 feet west of track, in cement at surface of groimd; aluminum 
tablet stamped "2782 W** 2, 782. 399 

Council, 5.5 miles south of, 300 feet south of road crossing, 100 feet west of 
track; point on large bowlder 2, 819. 25 

Council, 5 miles south of, 20 feet west of milepost 55, 8 feet south of track, 
100 feet west of trestle 49, in face of solid rock wall 20 feet high, 5 feet 
above ground, in cement wall flush with surface; aluminum tablet 
stamped "2860 W" 2,859.926 

Bench marks eitablished alone Indian Vallej-Van Wyok road, near Van Wyok. 

T. 14 N., R. 2 E., in sec. 25, on Indian Valley road. Lookout Mountain, in 
volcanic bowlder; aluminum tablet stamped "7811 W ** 7, 812. 485 

Van Wyck, 7.8 miles west of, in saddle 10 feet south of Van Wyck and In- 
dian Valley road, in pine tree; 30-penny nail 7, 379. 369 

Van Wyck, 8.9 miles west of, on Van Wyck-Indian Valley road, 30 feet 
south of, in pine tree; 30-penny nail with aluminum tag 7, 020. 118 

Van Wyck, 10.2 miles west of, on Van Wyck-Indian Valley road, 50 feet 
east of, in pine tree; nail 6, 565. 49 
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Van Wyck, 10.8 miles west of, near center of sec. 34, T. 14 N., R. 2 E., 30 
feet north of Van Wyck-Indian Valley road, 150 feet south of Sheep Creek, Feet, 
in top of volcanic bowlder; aluminum tablet stamped **6210 W " 6, 211. 754 

MEADOWS QTTAD&AFGLS. 

MUepost 66 north along Pactflc Sc Idaho Northern Railway to trlangolation station 
8 milei north of CoundL 

Council, 4 miles south of, 10 feet east of track, in base of mOepost 66; spike. 2, 916. 29 

Council, 2.5 miles south of, sec. 27, T. 16 N., R. 1 W., coimty road cross- 
ing, just north of Cottonwood Creek, 25 feet east of track, east of crossing 
signpost; iron post stamped "2939 W" 2, 940. 200 

Council, 300 feet southeast of station, at foot of and at north side of main 
street of town, in angle of sidewalk and cross walk; iron post stamped 
"2910 W" 2,9n.l64 

Council, in front of station; top of rail 2, 913. 9 

Triangnlation itation 8 milei north of Council eait along road to cronroads in T. 17 N., 
B,. 8 E., thenoe northwest along road to Meadows, thence southwest to point near 
ConnciL 

Council, 2:8 miles north of, on line between sees. 34 and 35, T. 17 N., R. 1 
W., intersection of Council-Meadows and Mill Creek roads, 300 feet north- 
east of ranch house, west edge of road near fence; iron post stamped "3015 
W " 3, 015. 880 

Council, 6.2 miles northeast of, 1,000 feet east of line between sees. 31 and 
32, T. 17 N., R. 1 E., at August Baurer^s sawmill, between house and 
sawmill, south side of road, 100 feet north of Mill Creek, in top of large 
bowlder; aluminum tablet stamped "4023 W".... 4,024.064 

Council, 7.8 miles east of, in fir tree 15 feet north of road; 20-penny spike 4, 855. 77 

Council, 9.6 miles northeast of, near southwest comer of sec. 22, T. 17 N., 
R. IE., intersection of roads in saddle, 50 feet east of forks, 10 feet north 
of road, in volcanic bowlder; aluminum tablet stamped "5612 W " 5, 613. 351 

Council, 10.1 miles northeast of, in base of pine tree 5 feet south of road; 
spike 6, 941. 18 

Council, 10.3 miles northeast of, in base of fir tree 6 feet south of road ; spike. 6, 036. 48 

Council, 10.6 miles northeast of, NW. i sec. 26, T. 17 N., R. 1 E., 50 feet 
east of road, on Miller Summit, at mound of rocks, in volcanic rock; 
aluminum tablet stamped "6208 W" 6,208.824 

Mill Creek Summit, 0.6 mile east of, in base of fir tree 3 feet south of road; 
spike 6, 281. 45 

Mill Creek Summit, 1.2 miles east of, in base of balsam tree 3 feet west of 
road; nail 6, 335. 57 

Mill Creek Summit, 1.8 miles east of, in fir tree 10 feet west of road ; spike. . 6, 306. 59 

Mill Creek Summit, 3 miles northeast of, in balsam fir 10 feet south of road; 
20-penny spike 6, 306. 69 

Mill Creek Summit, 3.6 miles east of, near quarter comer between sees. 6 
and 31, Tps. 16 and 17 N., R. 2 E., 100 feet southeast of road, 100 feet west 
of east fork of Weiser River, in top of granite bowlder; aluminum tablet 
stamped "6245 W" 6, 246. 098 

Mill Creek Summit, 4.5 miles east of, in tamarack tree 15 feet west of road; 
nail 6,265.44 

Mill Creek Simimit, 5.4 miles northeast of, in pine tree 20 feet north of road; 
nail 6,399.06 

Mill Creek Summit, 6.6 miles east of, in base of fir tree 5 feet northeast of 
road: nail 6, 527. 29 
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T. 17 N., R. 2 E., NW. i sec. 27, 120 feet east of road, mound of rocks, Peet. 
in saddle, in volcanic rock; aluminum tablet stamped "6521 W" 6, 522. 635 

Long Valley Summit, 0.9 mile east of, in fir tree 10 feet west of road; nail. . 5, 976. 98 

Long Valley Smnmit, 1.4 miles east of, in fir tree 10 feet east of road; nail. . 5, 534. 749 

Long Valley Summit, 2.4 miles east of, in fir tree 10 feet north of road ; nail . . 5, 006. 399 

Long Valley Summit, 3.9 miles east of, SW. i sec. 19, T. 17 N., R. 3 E., 
junction of Long Valley and Mill Creek roads, northeast comer of James 
HartsePs fence, 1,700 feet east of house, 175 feet west of Payette River, 
1,320 feet northeast of section comer; iron post stamped ''4837 W " 4, 838. 393 

Long Valley Summit, 5.3 miles east of, comer of sees. 18, 19, 29, and 30, T. 
17 N., R. 3 E., in base of southeast comer fence post, at crossroads; 
nail with aluminum tag 4, 889. 32 

Long Valley Summit, 8.3 miles east of, sec. 22, T. 17 N., R. 3 E., 500 feet 
south of log house, 5 feet north of road, at southeast comer of fence; iron 
post stamped "4897 W " 4, 898. 520 

Long Valley Summit, 12.2 miles northeast of, in sec. 33, T. 18 N., R. 3 E., 
50 feet southeast of road, in Sam Shaw's field, about 1,200 feet north of 
Tom Yoimt's house, 1,600 feet east of Gabriel Maenpad's house, in top of 
granite bowlder; aluminum tablet stamped "5029 W " 5, 030. 273 

Long Valley Summit, 14.2 miles northeast of, in base of pine tree 10 feet 
west of road; nail 5, 093. 13 

Long Valley Summit, 14.9 miles northeast of, in pine tree 10 feet west of 
road; nail 5, 073. 85 

Old Lardo, sec. 9, T. 18 N., R. 3 E., 16.4 mUes northeast of Long Valley 
Summit, south end of Payette Lake, 500 feet south of McCall Hotel, 200 
feet north of sawmill, 20 feet south of road, in top of volcanic bowlder, 
near mound of rocks; aluminum tablet stamped "5030 W" 5, 030. 771 

Old Lardo, in front of McCall Hotel ; high-water mark 4, 990 

Old Lardo; surface of water, Payette Lake, July 30, 1907 4, 985. 5 

Lardo, 400 feet east of post office, in sec. 8, T. 18 N., R. 3 E., 17.5 miles 
northeast of Long Valley Siunmit, 100 feet south of Payette Lake, 50 feet 
south of Lardo- Roseberry road, in granite bowlder; aluminum tablet 
stamped "5001 W " 5, 002. 114 

Lardo, 1 mile west of, on Lardo-Meadows stage road, in yellow pine tree 25 
feet south of road; nail 5, 050. 41 

Lardo, 2 miles west of, on Lardo-Meadows stage road, in pine tree 20 feet 
west of road; nail 5, 180. 76 

Lardo, 2.5 miles west of, sec. 1, T. 18 N., R. 2 E., on Lardo-Meadows stage 
road, on Payette River and Salmon Creek divide, about 80 feet north of 
road, 20 feet above road, in top of granite bowlder; aluminum tablet 
stamped "5352 W" ". 5,352.766 

Lardo, 3.7 miles west of, on Lardo-Meadows stage road, in black pine tree 
south of road; nail 5, 104. 89 

Lardo, 4.8 miles west of, on Lardo-Meadows stage road, in pine tree east of 
road; nail 5, 052. 15 

Lardo, 5.8 miles west of, near center of sec. 34, T. 19 N., R. 2 E., on Lardo- 
Meadows stage road, on Meadows Summit, in saddle 70 feet north of road, 
in top of granite bowlder; aliuninum tablet stamped "5093 W " 5, 093. 695 

Lardo, 6.4 miles west of, on Lardo-Meadows stage road, in fir tree east of 
road; nail 4,730.80 

Lardo, 7 miles west of, on Lardo-Meadows stage road, in pine tree north of 
road; nail 4,354.61 

Meadows, south side of main street of town, north edge of sidewalk, north- 
east comer of porch at Meadows Hotel ; iron post stamped "3975 W " 3, 976. 185 
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Meadows, 3.3 milee west of, on line between sees. 14 and 23, T. 19 N., 
R. 1 E., on Council-Meadows stage road, 0.4 mile west of Little Salmon 
River, 100 feet north of road, 800 feet northeast of sawmill, in rock beside Feet, 
mound of rocks; aluminum tablet stamped '' 3964 W 3,965.136 

Meadows, 4.4 miles west of, in pine tree 10 feet south of Council-Meadows 
road; nail 4, 030. 62 

Meadows, 5.4 miles west of, in pine tree north of Council-Meadows road; 
nail 4,020.16 

Meadows, 6.9 milee west of, sec. 17, T. 19 N., R. 1 E., on Council-Meadows 
stage road, at north end of Price Valley, on summit between Little Sal- 
mon and Weiser rivers, 100 feet east of road, in top of volcanic rock near 
mound of rocks; aluminum tablet stamped '* 4186 W " 4, 187. 179 

Meadows, 7.7 miles southwest of, in pine tree 15 feet west of Council-Mead- 
ows stage road; nail 4, 143. 94 

Meadows, 9.9 miles southwest of, in pine tree 50 feet west of Council-Mead- 
ows stage road; nail 4, 108. 33 

Meadows, 10.5 milee southwest of, in sec. 31, T. 19 N., R. 1 E., on Council- 
Meadows stage road, 1 mile south of Price Valley, 60 feet west of road, 50 
feet north of small creek, at old sawmill site, in volcanic rock; aluminum 
tablet stamped "4089 W 4, 089. 827 

Meadows, 12.5 miles southwest of, in pine tree 60 feet west of Council- 
Meadows stage road; nail .^ 3, 945. 95 

Meadows, 13.8 miles southwest of, 100 feet east of railroad grade, 200 feet 
east of Weiser River, in fir tree; nail 3, 972. 05 

Evergreen, at terminal of Pacific & Idaho Northern Railway, in north part 
of sec. 30, T. 18 N., R. 1 E., 150 east of track, 200 feet directly east of 
Record Commercial Co. store, in top of volcanic bowlder; aluminum 
tablet stamped "3704 W" 3, 704. 697 

Evergreen, 4i8 miles southwest of, sec. 2, T. 18 N., R. 1 W., 600 feet north 
of old sawmill, 300 feet north of track, at brow of hill, 200 feet northwest 
of log house, in volcanic bowlder near mound of rocks; aluminum tablet 
stamped "3302 W" 3,302.880 

Starkey (Hot Springs), in front of station; top of rail 3, 165. 8 

Starkey (Hot Springs), sec. 34, T. 18 N . , R. 1 W., 100 feet southeast of station, 
80 feet south of track, in top of volcanic bowlder; aluminum tablet 
stamped "3172 W 3,172.610 

Starkey (Hot Springs), 3.3 miles south of, sec. 15, T. 17 N., R. 1 W., 200 feet 
west of milepost 66, 400 feet south of house, 100 feet west of railway cut, 
in top of volcanic bowlder near mound of rocks; aluminum tablet stamped 
"3065 W" 3,066.071 

Cronroads in T. 17 IT., R. 8 E., south along road Tia Roieberry to Van Wyok, thence 

west 11.7 miles. 

T. 17 N., R. 3 E., on line between sees. 23 and 26, 2.6 miles southeast of 
Lake Fork bridge, on Roseberry-Lardo stage road, 50 feet southeast of 
bridge across irrigation ditch 40 feet south of road; iron poet stamped 
"4^05 W'^ 4,905.924 

Roseberry, near comer of sees. 11, 12, 13, and 14, T. 16 N., R. 3 E., in 
schoolhouse yard opposite post office; iron post stamped "4871 W* 4, 872. 034 

Tps. 15 and 16 N., R. 3 E., comer of sees. 1, 2, 35, and 36, on Roseberry- 
Van Wyck stage road, northwest comer of schoolhouse yard, 300 feet 
southeast of Mr. Moore's house, 360 feet west of log house, in granite 
bowlder; aluminum tablet stamped "4874 W 4, 875. 462 
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Rosebeny, 7.8 miles south of, near southwest comer of sec. 14, T. 15 N., 
R. 3 E., on Roseberry-Van Wyck stage road, 300 feet southwest of Joe 
Downing's house, 150 feet north of Dry Branch, 50 feet east of road, in Feet, 
volcanic bowlder; aluminum tablet stamped "4822 W" 4, 823. 066 

Roseberry, 11.4 miles south of, on line between sees. 2 and 3, T. 14 N., 
R. 3 E., on Roseberry-Van Wyck stage road, 0.5 mile south of Newton 
Marler house, 60 feet southeast of road, at comer of fence, in granite 
bowlder; aluminum tablet stamped "4802 W" 4, 802. 900 

Van Wyck, on Main Street, at northeast comer of C. B. Fisher's general 
store; iron post stamped "4777 W'* 4,778.103 

Van Wyck, 3.7 miles northwest of, near center of sec. 20, T. 14 N., R. 3 E., 
at road forks 100 feet west of sawmill road, 150 feet south of Van Wyck- 
Indian Valley road, near mound of rocks, in volcanic bowlder; alu- 
minum tablet stamped "4910 W" 4, 910. 875 

Van Wyck, 4.7 milea west of, in pine tree 10 feet north of Van Wyck- 
Indian Valley road ; nail 5, 724. 41 

Van Wyck, 5.8 miles west of, in pine tree 10 feet north of Van Wyck-Indian 
Valley road; nail 6,156.89 

Van Wyck, 6.8 miles west of, 20 feet north of Van Wyck-Indian Valley 
road, in fir tree; nail ,... 6,801. 76 

Van Wyck eait 8.7 miles to JXortiM ranoh. 

Crawford, 1.8 miles east of Van Wyck, northeast comer of W. D. Patter- 
son's yard, opposite post office, 100 feet from main street of town, in top of 
granite bowlder; aluminum tablet stamped " 4759 W *' 4, 760. 244 

Crawford, 1.9 miles east of, on section line at northwest comer of NE. J sec. 
29, T. 14 N., R. 4 E., at Anna J. Norris's ranch, 50 feet south of road, 30 
feet southeast of house, in granite bowlder; aluminum tablet stamped 
"4811 W" 4,812.608 

Iforth along Indian VaUey, Midrale, and Council roadi to point near Indian Valley. 

T. 14 N., R. 1 W., on line between sees. 26 and 35, on Van Wyck, Mid vale, 
and Indian Valley road, at Hillsdale crossroads, 150 feet east of white 
schoolhouse, at northwest comer of fence, 30 feet east of road, in volcanic 
bowlder near mound of rocks; aluminum tablet stamped "3164 W". ./. . 3, 165. 559 

Van Wyck, 34.4 miles northwest of, on Van Wyck, Midvale, and Indian 
Valley road, 100 feet north of Little Weiser River; nail in knuckle of Cot- 
tonwood 20 feet west of road 3, 029. 16 

Indian Valley, near comer of sees. 10, 11, 14, and 15, T. 14 N., R. 1 W., 
southwest comer of blacksmith shop, east side of Main Street, in volcanic 
bowlder; aluminum tablet stamped "2999 W'* 3, 000. 889 

Indian Valley, 3.7 miles north of, near center of sec. 27, T. 15 N., R. 1 W., 
on Indian Valley-Council road, at foot of Thom Creek Hill, 150 feet 
north of Thom Creek, 100 feet west of road, 500 feet east of Sam Wood's 
house, near mound of rocks, in bowlder; aluminum tablet ^tamped 
"2931 W" 2,932.948 

Indian Valley, 6.2 miles north of, NW. J sec. 15, T. 15 N., R. 1 W., on 
Indian Valley-Council road, on middle fork of Weiser River Sunmiit, 
30 feet east of road, near mound of rocks, in granite bowlder; aluminum 
tablet stamped "3309 W".. 3, 310. 911 

Indian Valley, 7.3 miles north of, on Indian Valley-Council road, 50 feet 
south of creek, 3 feet east of bridge crossing Middle Fork Creek, in cotton- 
wood; nail 2,903.95 
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SQUAW CBSES QUADBAHaLE. 

Bench mmrk In T. 18 7X,, B. 1 W. 

Van Wyck, 29.6 miles west of, T. 13 N., R. 1 W., 500 feet northeast of cross- 
roads, 100 feet east of Van Wyck-Indian Valley road, in top of volcanic Feet, 
bowlder beside mound of rocks; aluminum tablet stamped "3395 W ". . 3, 396. 3V9 

Point 11.7 mllM west of Van Wjok toathwost to Canyon Hill, mo. S7, T. 18 IT., B. 1 B., 
thoBoe northweft alone Indian Valley road to Jnnotlon of Mldrale road. 

Van Wyck, 12.8 miles west of, 30 feet east of Van Wyck-Indian Valley road, 
in tree; nail 5,906.80 

Van Wyck, 12.8 miles west of, 20 feet east of Van Wyck-Indian Valley road, 
in tree; 30-penny nail 5, 637. 20 

Van Wyck, 13.6 miles west of, 30 feet east of Van Wyck-Indian Valley road, 
in pine tree; 30-penny nail « 5, 948. 81 

Van Wyck, 15.3 miles west of, 50 feet south of Van Wyck-Indian Valley 
road, on Foiu:-bit Summit, near mound of rock, in volcanic rock; alumi- 
num tablet stamped "6154 W" 6,155.170 

Van Wyck, 16.6'miles west of, 10 feet west of Vsm Wyck-Indian Valley road, 
in pine tree; 30-penny nail 5, 372. 11 

Van Wyck, 17.9 miles west of, 70 feet north of V^ Wyck-Indian Valley 
road, in pine tree; 30-penny nail 1 4, 743. 51 

Van Wyck, 19.1 miles west of, 10 feet north of Van Wyck-Indian Valley 
road, in pine tree; 30-penny nail. 4, 494. 42 

Van Wyck, 19.2 miles west of, 0.5 mile west of Coiurtright's house, 60 feet 
south of Van Wyck-Indian Valley road, in top of volcanic bowlder, near 
mound of rocks; aluminum tablet stamped "4464 W " 4, 464. 983 

Van Wyck, 20.4 miles west of, in pine tree, 40 feet north of Van Wyck- 
Indian Valley road; 30-penny nail 4, 136. 58 

Van Wyck, 21.6 miles west of, 150 feet south of Van Wyck-Indian Valley 
road, on Canyon Hill Summit, in volcanic bowlder, near mound of rocks; 
aluminum tablet stamped "4375 W" 4, 376. 422 

Van Wyck, 23 miles west of, on Van Wyck-Indian Valley road; chisel mark 
on top of bowlder, 2 by 2 by 3 feet 3,833.51 

Van Wyck, 26 miles west of, 0.4 mile southeast of junction of Indian Valley 
and Mid vale roads, in rim of rock, in top of volcanic rock; aluminum 
tabletstamped"3409 W" 3,410.541 

Little Weiier Blyer west alone Mldrale road to MoMahan ranelu 

Indian Valley-Midvale crossroads, 4.2 miles west of, at J. W. Stippich's 
ranch, 100 feet northeast of 4iouse, in comer of yard, in volcanic bowlder; 
aluminum tablet stamped "3230 W" 3,2:?1. 166 

St. Anthony and Victor qnadrangles. 
BINGHAM AND FBEMONT COUNTIES. 

The elevations in the following list are the results of leveling by 
Goyne Drummond in 1899 from St. Anthony, Idaho, to the Grand 
Teton and Mount Leidy quadrangles, Wyo., and were originally 
published in the Twenty-first Annual Report. In 1906 connection 
was made with the transcontinental line of the Coast and Geodetic 
Survey leveling by a line brought north from Green River and Rock 
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Springs, Wye, to Twogwotee Pass and to a point 12 miles northeast 
of Kroner ranch, and readjustment was made between these points. 

VIOTOB QUADBAirOLE. 
Idaho-WyomtBc State line at Trail CrMk Tia Vlotor to Klfby's houe. 

Idaho-Wyoming State line, at Trail Creek, 8 feet north of road; bronze Feet. 

tabletstamped^'B. M. 6681«' 6,683.580 

Spencer's house, 30 feet west of, 20 feet east of road, 250 feet north of Moses 

Creek ; bronze tablet 6, 477. 700 

Victor, northeast comer of Porter's store; iron post 6, 207. 582 

Chapin's ranch, 60 feet east of house; iron post 6, 145. 989 

Chapin's ranch, 2 miles northwest of, 100 feet north of chanliel of Darby 

Creek, 20 feet east of road; iron post 6, 124. 608 

Drigg's house, 40 feet east of; iron poet 6, 099. 209 

Rigby's house, 1,000 feet northwest of, at milepoet 192, Wyoming-Idaho 

State line; iron post 6, 404. 151 

Drier's ranoh Tla KlmbaU's and Swanner's ranches to Teton Bridge. 

Kimball's house, 1,150 feet southwest ol; iron post 6, 107. 743 

Swanner's yard, northeast comer of; iron post 5, 976. 158 

Drift's ranoh to point 5.4 miles northwest of Teton Bridge. 

Drigg's ranch, 3.5 miles north of, 80 feet east of new house; iron post 6, 158. 321 

Lathron's house, 50 feet east of, 300 feet south of ford, T. 6 N., R. 45 E., 

east of southwest comer of sec. 28, north side of road; iron post 6,064.717 

Teton Bridge, 400 feet east of, 6 feet from northwest comer of Alex West's 

house; iron poet 5, 932. 255 

Teton Bridge, 3.4 miles northwest of, top of divide between Teton River 

and Mill Creek; iron poet 6,194.980 

Teton Bridge, 5.4 miles northwest of, 20 feet west of Milk Creek, 600 feet 

south of road fork; iron post 6, 071. 942 

ST. AVTHOBT QUADBABOLE. 

Point 5.4 miles northwest of Teton Bridge to St. Anthonj. 

Teton Bridge, 7.9 miles northwest of, top of divide between Milk Creek 
and Canyon Creek, 300 feet southwest of trail from Milk Creek; bronze 

tablet < 6, 024. 386 

Harris ranch, 3*mile8 northeast of, 30 feet north of road; iron post 5, 908. 169 

Harris ranch, 10 feet northeast of house; iron post 5, 641. 554 

St. Anthony, 120 feet to left of station 1956+50, Oregon Short Line Rail- 
road elevation corrected to sea level, 5,010.49 feet; U. S. G. S. elevation . . 4, 958. 665 

Montpelier, Pocatello, Soda Springs, and Wayan qnadrangles. 
BANNOCK AND BEAB LAKE COUNTIES. 

The elevations in the following Ust are results of part of the leveling 
done in 1909 in Idaho, Utah, and Wyoming, and are based on a 
bench mark of the Coast and Geodetic Survey near Onyx, Bannock 
County, Idalio, the first given in the following Ust. The elevation of 
tliis bench mark is accepted as 4,619.392 feet above mean sea level. 
From Onyx the line was run over the Oregon Short Line Railroad to 
a point 3.5 miles soutli of MontpeUer, thence south by road via Lake- 
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town and Randolph, Utah, to Evanston, Wyo., closing on the Ck)ast 
and Geodetic Survey bench mark at that point. 

The leveling was done by L. F. Biggs. The closure errors of this 
line and circuits are excessive. 

Additional elevations in the Montpelier quadrangle will be found 
in the Wyoming lists. 

POCATSLLO QUADBAITGLB. 
Point near Onjx along Oref on Short Line RaUroad to Pebble. 

Onyx, 1 mile north of, near signboard "1 mile to Onyx," west of third tele- 
phone pole south of milepoet 197, 24 feet west of right of way fence on west 
side of track, red stone post 6 feet long and 6 inches square; bottom of 
square hole cut in top marked "U. S. D B. M." (Coast and Geodetic Feet. 
Survey bench mark and 1911 preliminary adjustment value) 4, 619. 392 

McCammon, opposite station; top of east rail .' 4, 749. 5 

McCammon, opposite point on the tracks 150 feet north of station, 20 feet 
southeast of third telephone pole north of schoolhouse, 225 feet west of track, 
4 feet from fence on west side of main highway, in red stone post 6 feet 
long and 6 inches square; square cut hole marked "U. S. D B. M." 
(Coast and Geodetic Survey bench mark) 4, 753. 742 

McCammon, southeast comer of McCammon Investment Co. building, 3 
feet above ground in comer stone; aluminum tablet stamped "4767 B 
1909 A " 4, 767. 081 

McCammon, 2.6 miles southeast of, west side of track at turn east, in con- 
crete foundation of semaphore 1888; aluminum tablet stamped "4834 B 
1909 B " 4, 834. 003 

McCammon, 6.1 miles east* of, 1 mile west of Topaz station, south side of 
track, 250 feet east of road crossing, in concrete culvert; aluminum 
tablet stamped "4925 B 1909 C " * 4. 925. 589 

Topaz, 2.8 miles east of, 0.8 mile west of Renfro, concrete foundation of 
distant block signal 1818, 12 feet south of center of track; aluminum 
tablet 5,017.180 

Lava, in front of station; top of rail 5, 147.0 

Lava, 0.2 mile north of, east side of track, in concrete foundation of sema- 
phore 1772; aluminum tablet stamped "5155 B 1909 E" 5, 155. 072 

Lava, 3.7 miles north of, east side of track, cemented in concrete founda- 
tion of semaphore 1734; copper nail and washer stamped "5225 
B. M. F" 5, 225. 373 

SODA SPBHraS QUADBAiraLB. 
, Pebble along Oregon Short Line Ballroad to Rote. 

Pebble, 1.5 miles north of, edge of track, in concrete foundation of sema- 
phore 1682; aluminum tabletstamped "5318 1909 B.G." 5,318.428 

Bancroft, 3.4 miles west of, south side of track, in concrete foundation of 
semaphore 1652; aluminum tablet stamped "5380 B 1909 H " 5, 380. 640 

Bancroft, in northeast comer of brick schoolhouse, 4 feet above ground; 
aluminum tablet stamped "5417 1909 BI" 5,418.323 

Bancroft, in front of station; top of rail 5, 421. 9 

Bancroft, 4 miles east of, north side of track, in concrete foundation of 
semaphore 1581 ; aluminum tablet stamped ' ' 5502 B 1909 J " 5, 503. 484 

Way, in front of station ; top of rail 5,585.2 

97937°— Bull. 487—11 2 
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18 SPIRIT LEVEUNG IN IDAHO, 1896 TO 1909. 

Alexander, 1.9 miles west of, south side of track, in concrete foundation Feet. 

of semaphore 1540; aluminum tablet stamped "5668 B 1909 K" 5^ 669. 024 

Alexander, in front of station; top of rail 5, 73L 8 

Soda Springs, 4 miles west of, west edge of track, in concrete foundation 

of semaphore 1496; aluminum tablet stamped "5730 B 1909 L " 5, 730. 963 

Soda Springs, in front of station; top of south rail 5, 777. 6 

Soda Springs, southwest comer of schoolhouse, 4 feet above ground; 

aluminum tablet stamped "5777 B 1909 M" 5,777.860 

Soda Springs, 4 miles southeast of, south side of track, in concrete founda- 
tion of semaphore 1422; aluminum tablet stamped "5808 B 1909 N'' 5,808.296 

WATAV QUADBAITOLB. 
&OM alone Oref OB Short Line Railroad to zrofene. 

Rose, 1.5 miles southeast of, southwest comer of bridge over Bear River in 
concrete abutment; aluminum tablet stamped "5807 B 1909 O " 5, 808. 198 

Manson, 2.3 miles southeast of, south side of track, in concrete foundation of 
semaphore 1336; aluminum tablet stamped "5853 B 1909 P" 5, 853. 320 

Novene, 0.6 mile northwest of, southeast comer of bridge over Bear River, 
in abutment; aluminum tablet stamped "5881 B 1909 Q" 5. 882. 163 

MOITTPELIER QUADBAlTaLB.i 

zrorene along Oref on Short Line Railroad to point 8.5 mUei louth of Montpeller, thenoe 
■outh along road on eait tide of Bear Lake to Idaho-Utah State line. 

Novene, in front of station; top of rail 5, 889. 

Woley*8 spur, 1 mile northwest of, southwest comer of bridge 137 over Bear 
River, in stone abutment; aluminum tablet stamped "5904 B 1909 R". . 5, 903. 439 

Pescadero, 1 mile northwest of, south side of track, in concrete foimdation 
of semaphore 1218; aluminum tablet stamped "5923 B 1909 S " 5, 923. 794 

Pescadero, in front of station; top of rail 5, 92L 5 

Monti)elier, 4.6 miles northwest of, southeast comer of bridge over Bear 
River, in concrete foundation; aluminum tablet stamped "5914 B 
1909 T" 5,914.969 

Montpelier, in front of station; top of west rail 5, 940. 8 

Montpelier, southeast comer of First National Bank building, on step at 
entrance to bank; aluminum tablet stamped "5944 B 1909 U " 5, 945. 815 

Montpelier, 3.4 miles southeast of, east edge of right of way, at road crossing, 
in fence comer; iron post stamped "5951 B 1909 V" 5,952.301 

Dingle, north end of town, at bend of road, opposite Bridge's ranch house, 
southwest comer of house yard ; iron post stamped ' ' 5954 B 1909 W " 5, 955. 630 

Meckley I^ke; surface of water, June 1, 1909 5, 926. 

Dingle, 2.9 miles south of, 1,000 feet south of Meckley Lake, 50 feet south of 
sheep pens, 150 feet west of road ; iron post stamped ' * 5939 B 1909 X " 5, 940. 562 

Mud Lake, surface of water in; June 1, 1909 5, 924. 2 

Hot Springs, 1.6 miles north of, west edge of road, opposite Mini tunnel, 
on bowlder painted "5928 B. M. 72 " ; chisel point 5, 929. 90 

Hot Springs, 500 feet west of north-south road, 100 feet south of Turnpike 
post office, west end of large gate to yard; iron post stamped "5947 B 
1909 Y" 5,948.178 

Bear Lake, east shore; siurfece of water. May 31, 1909, light west wind pre- 
vailing 5. 924.^3 

Hot Springs, 1 mile south of, north end of row of poplar trees, 300 feet north 
of house, in base of 20-inch poplar tree ; spike with aluminum tag stamped 
"5980 B.M. 73" 5,98L75 

1 Additional elovations in this quadrangle will b^ found in Wyoming list« 
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Hot Springs, 3.5 miles south of, opposite northeast comer of alfalfa field, at Feet. 

lane to bam; iron post stamped ''5958 B 1909 Z" 5, 960. 008 

Hot Springs, 5.7 miles south of, 250 feet west of road, on east shore of lake, 

1,000 feet south of clump of small bushes at rocky point on shore, on 

bowlder painted *'5925 B. M. 76"; chisel point 5, 927. 01 

North Eden, 1.2 miles north of, 25 feet west of road, 150 feet east of small 

clump of trees, 100 feet east of lake; iron post stamped "5942 B 1909 A 1". 5,943.985 
North Eden, 0.7 mile south of, at fence corner, 1,000 feet south of sheep 

sheds, west edge of road; iron post stamped " 5958 B 1909 B 1 " 5,959.763 

Dln^e along Oregon Short Line Railroad to Border. 

Dingle, 1.6 mile south of, in southeast comer of concrete abutment of 
bridge 117 over creek; aluminum tablet stamped "5983 B 1909 32 " 5, 984, 322 

Harer, in front of station; top of rail 6, 001. 2 

Pegram, 4.8 miles north of, 2,000 feet south of Harer station, opposite south 
end of siding, 100 feet west of right of way, on west side of wagon road; 
iron post stamped "5998 B 1909 33" 5, 999. 543 

Pegram, 200 feet east of station, east edge of right of way, northwest comer 
of field, at road crossing; iron post stamped "6030 B 1909 34" 6,03L733 

Pegram, 0.9 mile northeast of, northeast corner of steel bridge over Bear 
River, in cap; copper nail, with aluminum tag stamped "6042 B. M. 
177 " 6, 043. 30 

Pegram, 2.6 miles northeast of, east edge of right of way, opposite milepost 
95; iron post stamped "6048 B 1909 35" 6, 048, 849 

Border, opposite section house, south side of track, 3 feet east of Idaho- 
Wyoming State line post; iron post stamped "6072 B 1909 30" 6, 073. 342 

Motttpeller by road Tla Geneva and Raymond to Border. 

Montpelier, east side of steps of town hall, on first tier of concrete guard rail; 
aluminum tablet stamped "5962 B 1909 21" 5,963.350 

Montpelier, 4.4 miles east of, north end of dam, at city water works, in top; 
aluminum tablet stamped "6211 1909 B 22 " 6, 212. 100 

Montpelier, 8.4 miles east of, 600 feet southeast of junction of Star Valley and 
Geneva roads, 200 feet south of creek, on point of hill, 20 feet east of road 
iron post stamped "6444 B 1909 23 " 6, 444. 837 

Montpelier, 9.5 miles east of, 0.7 mile east of junction of Star Valley and 
Geneva roads, 3 miles west of summit, south side of road, on bowlder 
painted "6608 B. M. 148"; chisel point 6,609.86 

Montpelier, 11.2 miles east of, 20 feet east of road, 3 miles east of junction 
of Star Valley and Geneva roads, on simimit of ridge between Montpelier 
and Geneva; iron post stamped "7000 B 1909 24" 7,001. 153 

Summit between Montpelier and Geneva, 2 miles east of, 15 feet south of 
road, on bowlder painted '' 6310 B. M. 151 " ; chisel point 6, 311 02 

Summit between Montpelier and Geneva, 2.8 miles east of, 2 miles west of 
Geneva, BOO feet east of log house, at intersection of road to north, south- 
west comer of field; iron post stamped "6230 B 1909 25" 6, 230. 086 

Geneva, near post office, 150 feet east of northwest comer of field, at inter- 
section of north-south road ; iron post stamped " 6171 B 1909 26 " 6, 171. 811 

Geneva, 3.6 miles south of, 3.2 miles northeast of Raymond, south side of 
east- west road, 20 feet west of canal; iron post stamped "6205 B 1909 27 " 6, 206. 057 

Raymond, 1,500 feet south of schoolhouse, at section comer, junction of 
east- west road; iron post stamped "6133 B 1909 28" 6,134.138 

Raymond, 3 miles south of, on section line, 0.25 mile east of Idaho-Wyom- 
ing State line, northwest comer of alfalfa field belonging to J. Francis, 
15 feet south of gate to lane; iron post stamped "6107 B 1909 29" 6, 108. 221 
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Montpeller Tia Orld, Parts, and St. Cbariei to Turnpike (Hot Sprtagt). 

Montpelier, 1.7 miles west of, northeast comer of steel bridge over Bear Feet. 
River, in concrete abutment; bolt head painted "5925 " 5, 925. 97 

Montpelier, 3 miles west of, 350 feet west of bridge over slough, southeast 
comer of field at junction of roads; iron post stamped **5922 B 1909 36 " . 5, 923. 880 

Ovid, southwest comer of school yard, at road junction; iron poet Btam]5ed 
* * 5932 B 1909 37 " 5, 933. 430 

Paris, southwest comer of county courthouse, 5 feet above ground; alumi- 
num tablet stamped "5966 B 1909 38" 5, 967. 084 

St.Charles, 3 miles north of, northeast comer of field, at jimction of road to 
west, 60 feet south of log bam at Joe Patterson's ranch, 300 feet north of 
creek; iron post stamped "5962 B 1909 39" 5,963.890 

St. Charles, northeast end of town, west edge of road, opposite intersection 
of Paris and turnpike roads, 35 feet east of frame house, on fence line; 
iron post stamped "B 1909 5953 40" 5, 954. 928 

St. Charles, 3 miles east of, 4 miles west of Hot Springs, 50 feet west of out- 
let of Bear I^ke, on tumpike road; iron post stamped "5927 B 1909 41 ". 5, 928. 410 

Bear Lake, sur^e of water, July 19, 1909; (light south winds and light 
waves, poor level) 5, 924. 1 

Mud Lake; surface of water, July 19, 1909 5, 924. 1 

Hailey, Picabo, Sawtooth, and Soldier qaadrangles. 
BLAINE COUNTY. 

The elevations in the following list are approximate and are based 
on the height of the top of rail in front of the station at Ilailey, 
determined by the Oregon Short Line Railroad. 

The leveling was done in 1896 by A. B. Searle. 

HAILET QUADHAHOLB. 
Benoli mark eftabUihed at Halley Hot Sprlngt. 

Hailey Hot Springs, at southwest comer of porch of hotel ; iron post stamped Feet 
*'5418" 5,418.534 

Bench marki along Warm Spring! Creek. 

Upper Hot Springs, at northwest comer of old cabin, on northeast side of 

road, about 20 yards from creek crossing; iron post stamped "6286" 6, 286. 317 

Punch Bowl Lakes, alx)ut 1.2 miles above, on southeast side of road; iron 

post stamped "6010" 6,010.747 

Ketchum, bridge across Wood River, east end of, in top of large rock abut- 
ment; bronze tablet stamped "5819" 5,819.686 

Ketchum south along Oregon Short Line Railroad to Hailey. 

Cold Springs mill, about 0.2 mile south of, at Ppint of Rocks; iron poet 
stamped "5690" 5,689.836 

Gimlet, discontinued post office, in front yard of east building; iron post 
stamped "5544" 5,543.733 

Becker's ranch, at fence comer west of railroad track, about 20 yards south 
of road crossing; iron post stamped "5465" 5, 465. 166 

Ketchum north along Sawtooth road. 

Ketchum, 2.5 miles north of, first bridge over Wood River, not on main 
road, about 40 feet northeast of east end, west of road; iron post stamped 
"5949" 5,948. 921 
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Ketchum, 8.5 miles north of, about 90 feet north of third bridge over Wood Feet. 

River, 30 feet eastof wagon road; iron poet stamped "6236'* 6,235.937 

Ketchum, 10 miles northwest of, south of wagon road , beyond crossing of dry 

wash, in center of large flat; cross on small basalt rock 6, 315. 4 

PICABO QUADHAHOLE. 
Halley alone Camai Pratrle road to Doniphan. 

Oilman, side of house where post office was formerly located, near forks of 
road; iron post stamped *'5547" 5,547.023 

Kelly Creek crossing, 50 feet west of; iron post stamped "5857 " 5, 856. 922 

Divide between Croy and Camp creeks, south side of road ; iron post stamped 

"6114".. 6,114.866 

Doniphan, south side of post office building, used also as assay office of 
Camas No. 2 mine; iron post stamped "5788" 5, 788. 444 

SOLDIEB QUADHAiraLE. 
Bench marki eitabUihed along Willow Creek. 

Willow Creek road and short cut to Soldier, forks of, about 50 feet west of a 
lone tree at edge of small drain; iron post stamped * '5094 " 5, 093. 974 

Willow Creek and Soldier roads, about 4 miles north of intersection of, 
house of A. B. Arnold, at west side of county road, near rail fence at end 
of bars; iron post stamped **5298" 5, 297. 747 

Willow Creek and Buttercup mine roads, junction of, southeast comer of 
log house; iron post stamped "5530" 5, 530. 596 

Smoky Dittrlot to head of Soldier Creek. 

Trail Creek and branch of Soldier Creek, divide between; iron post stamped 

"7082" 7,081.932 

T. 14 E., R. 1 N, south line of sec. 9, near Soldier Creek, at southeast comer 
of John Wordrupp's corral, about 20 feet west of forks of Soldier and 
Trail Creek roads; iron post stamped "5366" 5, 365. 63 

Soldier Creek, near, 30 yards northwest of little log cabin, west side of wagon 
road where road makes right-angle turn after crossing creek near clump of 
quaking asps; iron poet stamped ' '5755 " 5, 755. 02 

Soldier Creek, near, 2 miles west of mill, near cluster of big rocks, about 20 
yards from large fir tree and 30 yards south of trail; iron post stamped 
**6558" 6,558.089 

SAWTOOTH QUADBANOLE. 

Divide between Willow Creek and Smoky Creek to Caitle Crag. 

Willow Creek and Smoky Creek divide, highest point of, about 200 feet east 
of road ; iron post stamped ' '6857 " 6, 857. 009 

Soldier road, junction with, opposite Soldier road crossing of Little Smoky 
Creek, in top of bowlder; bronze tablet stamped * *6365 " 6, 364. 689 

Carrie Leonard road, junction with, west side of road, about 0.5 mile north 
of junction of Carrie Leonard and Little Smoky creeks; iron post stamped 
**6123" 6,123.185 

Carrie Leonard Creek and Warm Springs Creek, divide between; iron post 
stamped * '8719 " 8, 718. 579 

Summit where Warm Springs Creek crosses road, about 3.5 miles east of, on 
south side of road and near a group of large stumps; iron post stamped 
*'7281" 7,28L377 

Castle Crag, 50 feet east of base of, at west side of road, midway between two 
creek crossings; in top of rock; bronze tablet stamped * *6640 " 6, 640. 174 



Digitized by VjOOQ IC 



22 SPIRIT LEVELING IN IDAHO, 1896 TO 1909. 

SiEOky District along tontli Bolie trail toward Atlattta. 

Worewick's, 1.5 miles from, about 100 yards eaat of trail; iron poet stamped Feet. 
*'7148" 7.148.267 

Little and Big Smoky creeks, junction of, about 200 yards south of forks of 
South Boise and Big Smoky trails, in east iAce of rock, about 50 feet above 
general elevation of valley; copper bolt stamped * '5539 ***. 5, 539. 014 

Big Smoky Creek, about 3.5 miles from junction with Little Smoky Creek, 
on rocky point about 100 feet above creek and about 20 yards southwest 
from lone fir tree; iron post stamped **5822" 5, 821. 759 

South Boise Creek, 3.8 miles above placer claim, near lone fir tree at south 
side of trail on flat, and 50 yards east of creek; iron post stamped * *5773 " . . 5, 772. 815 

South Boise Creek, about 9.5 miles above placer claim, at south side of 
trail and at base of large accumulation of slide rock, at point where the 
canyon begins to narrow, and where trail goes down to creek; iron post 
stamped "6169" 6,169.593 

Point 18.5 miles northwest of Xetohum np Wood River to divide between Wood and 

Salmon rivers. 

Ketchmn, about 13.5 miles northwest of, about 40 feet north of abandoned 
stable on top of small knoll at south end of road and west of road crossing 
of Bowlder Creek; iron post stamped **6596" 6, 595. 866 

Ketchum, 17.5 milc»8 northwest of, 300 feet west of seventh bridge over 
Wood River, at top of wagon grade on north side of road; iron post stamped 
''7020" 7,019.766 

Galena, near southeast comer of second building west of road; iron post 
stamped **7294" 7, 294. 195 

Galena, 1.2 miles west of, about 70 feet before road crosses stream; cross 
mark on large rock west of road 7, 426. 2 

Wood River and Salmon River, divide between, 50 feet northwest of road; 
iron post stamped * *8795 " 8, 795. 582 

Chatcolet Station, Kendrick, and Pullman quadrangles. 

KOOTENAI AND LATAH C0VNTIE8. 

The elevations in the following list were determined by primary 
leveling extended from an aluminum tablet in the top of latitude pier 
in the grounds of the county courthouse at Spokane, the elevation of 
which is now accepted as 1,891.954 feet above mean sea level, as 
obtained by readjustment of a double-rodded line run in 1898 along 
the Northern Pacific Railway by H. S. Crowe. 

The leveling was done in 1903 by E. M. Fry. 

PTTLLMAir QUADRANGLE. 

Bench mark at Kokow. 

Moscow, 20 feet north of Northern Pacific Railway station, 5 feet west of 
platform, near coal house, 15 feet west of track; iron post stamped "2564 Feet. 
S' 2,564.873 

KENDRICX QUADHAHOLB. 

OeneiM Tia county road to Mokow. 

Genesee, northeast comer of Main and Third streets, in brick wall at front 
entrance to First National Bank, 1 foot above sidewalk; bronze tablet 
stamped*' 2676 S" 2,676.945 
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IAMB alone Thorn Creek road to Moscow. 

Bangs, 2 feet from southeast comer of schoolhouse, in brick foundation, 3 Feet, 
feet north of steps; bronze tablet stamped "2745 S " 2, 746. 207 

Snow's ranch, 1,000 feet southwest of house, 150 feet west of road at section 
comer, southeast comer of field, in rock ledge 3 feet above ground ; bronze 
tablet stamped** 2586 S" ". 2,587.552 

CHATCOLBT STATIOIT QUADHAHGLB. 

Bench mark at Lovell. 

Ivovell, 150 feet west of section house, 100 feet east of railroad tool house, 10 
feet west of milepost 407, 20 feet south of track; iron post stamped '*2586 
S" 2,587.882 

Cataldo and Bathdnim 80" quadiansles and Coenr d'Alene special quadrangle. 

KOOTENAI AND SHOSHONE COUNTIES. 

The elevations in the following list are based on primary leveling. 

The leveling in the Cataldo and Coeur d'Alene quadrangles was 
done m 1900 by F. E. Washburn, in 1901 by S. M. Hatch, and in 1905 
by A. P. Anderson; that in the Rathdrum quadrangle was done in 
1899 by M. P. Page. 

BATHDRXm QUADRANGLE. 
Bench marki eftabllthed near Spirit Lake and Flih Lake. 

Sullivan's ranch, south end of, 4 feet south of road, in root of 40-inch yellow- Feet. 

pine tree; tack 2, 298. 7 

Spirit Lake, 200 feet east of landing, 15 feet south of road; iron poet stamped 

''2490 S" 2,490.593 

Spirit Lake, surface of water... 2,442.6 

Fish Lake, 1.5 miles north of, 4 feet west and south of forks of road, in top of 

bowlder 20 by 12 inches, 6 inches above ground; cross mark, **-{-" 2, 429. 4 

Fish Lake, 600 feet east of, northeast of forks of roads, in top of bowlder 10 

inches by 6 feet; cross mark, " + " 2,391.7 

Fish Lake, surface of water 2, 313. 6 

Fish Lake, 0.2 mile east of south end of, 80 feet sOUth of fork of roads; iron 

poet stamped ''2366 S" 2, 366. 308 

From point near Hanier Jnnotion alone ITortliem Paoiflo BaQway to milepost "W. 

9M, H. 48.'* 

Hauser Junction, 1.4 miles east of, 30 feet north of public road and 120 feet 

north of railroad, in south end of bowlder 40 by 30, in(^hee above ground; 

bronze tablet stamped '*2118 T" 2, 119. 193 

Rathdrum, in front of station, top of rail 2, 207. 

Rathdrum, in brick building (Russell's store), eighth tier of bricks above 

sidewalk; bronze tablet stamped ** 2216 T " 2, 216. 310 

Milepost ** W. 190, H. 56," 0.2 mile east of, 10 feet south of wagon road, 300 

feet northeast of signboard ** Sheridan" in notch of fir tree 18 inches in 

diameter ; copper nail 2, 271. 85 

Ramsey, 50 feet north of center of track, 3 feet east of telegraph pole, 20 feet 

east of wagon road; iron poet stamped '*2330 T" 2, 330. 828 

Milepost "W. 196, H. 50," 215 feet northeast of, 100 feet north of raihxjad, 

in pine tree; copper nail 2, 368. 80 

North Pole spur, 0.5 mile east of, 40 feet north of railroad track, 3 feet east of 

telegraph pole; iron poet stamped "2396 T" 2, 396. 227 
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Milepoet "W. 201, H. 45," 390 feet northeast of, 40 feet north of track, in Feet. 

north side of fir stump 24 inches in diameter; railroad spike 2, 376. 90 

Athol, in front of railroad section house; center of track 2, 392. 1 

Athol,.200 feet northeast of milepoet ** W. 202, H. 44," in notch of fir tree 24 

inches in diameter; copper nail 2, 393. 40 

Milepoet **W. 204, H. 42," 13 feet west of, 20 feet west of center of track; 

iron poet stamped ''2350 T" 2,350.544 

Hauler Jnnotioii Tia ITortlieni Paoiflo BaQway to Cosiir d'Alaae. 

Post Falle, 150 feet south of woolen mill, 200 feet east of bridge over Spo- 
kane River, 100 feet west of railroad spur, in large bowlder 20 feet south 
of road; aluminum bolt stamped ** 2147 S" 2,147.903 

Post Falls, 6 miles east of, 500 feet south of track, 8 feet southwest of tele- 
graph pole; iron post stamped "2148 S" *. 2, 148. 196 

Coeur d'Alenc, comer of Sherman and Fourth streets, in southeast comer 
of Merriam building, 2 feet above sidewalk and 1 foot from door; alu- 
rainuin tablet stamped "2157 S 2, 157. 909 

Coeur d'Alene I^ke, at Johnson^s boat landing, in cotton wood tree at sur- 
face of water May 20, 1899; spike 2, 131. 1 

Copurd'Alene I^ke; surface of water May 23, 1899 2,130.5 

Coeur d'Alene Lake; surface of water, August 23, 1899 2, 122. 

Post Falls, at dam; surface of Spokane River, August 23, 1899 2, 120. 1 

CoBur d'Alene Tia Klnc's ranoh to Ramsey. 

Coeur d'Alene, 1 mile north of, 20 feet west of road, 200 feet southwest of 

house, in pine stump; spike 2, 234. 69 

Coeur d'Alene, 2 miles north of, 30 feet east of road, 200 feet northeast of 

road forks, in pine tree; spike 2, 235. 36 

Coeur d'Alene, 3.5 miles north of, 40 feet north of forks of road, in gate 

poet; spike 2,254.27 

Coeur d'Alene, 4.3 miles north of, 40 feet northeast of road crossing, 80 

feet southwest of schoolhouse, near comer of sees. 13, 14, 23, and 24, 

T. 51 N., R. 4 W., in pine tree; spike 2,280.60 

Coeur d'Alene, 6.2 miles north of, 30 feet south of crossroads, at comer of 

sees. 1, 2, 11, and 12, T. 51 N., R. 4 W., in top of pine stump; spike 2, 314. 13 

Coeur d'Alene, 7.2 miles north of, in pine bearing tree to sees. 1, 2, 35, 

and 36, Tpa. 51 and 52 N., R. 4 W.; spike 2, 329. 73 

Coeur d'Alene, 8.2 miles north of, 30 feet west of road at edge of timber, 

in pine tree; spike 2, 316. 31 

Coeur d'Alene, 9.5 miles north of, 3 feet went of road, in root of pine stump 

36 inches in diameter; spike 2, 285. 43 

Coenr d'Alene to Feman Lake. 

Feman I^ke, 15 feet north of, 200 feet east of Feman's house, on stone 20 

by 30 by 20 inches; cross 2, 133. 66 

Feman I^ke; surface of water, August 18, 1899 2, 129. 53 

Rathdnun along telephone road to point on Coeur d'Alene branch of Northern Pacific 
Railway S.5 mllei eatt of Post Falli. 

Rathdrum, 2.8 miles south of, comer common to sees. 12, 7, 13, and 18, 
T. 51 N., Rs. 4 and 5 W., on stone at foot of telephone pole; cross 2, 256. 07 

Rathdrum, 3.8 miles south of, 20 feet northwest of croesroads, 300 feet 
northeast of Thomton's bam, comer common to sees. 13, 18, 24, and 19, 
T.51N., Rs.4and5 W.; iron poet stamped "2241S" 2,241.833 
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Hauter JnnotioB Tia oonnty road to Hayden Lake. 

Hauser Junction, 4 miles east of, in post southeast of comer of sees. 22, Feet. 

23, 26, and 27, T. 51.N., R. 5 W.; spike 2, 206. 45 

Hauser Junction, 5 miles east of, on stone set for comer of sees. 23, 24, 25, 

and 26, T. 51 N., R. 5 W.; cross 2, 23L 93 

T. 51 N., R..4 W., comer of sees. 15, 16, 21, and 22, 30 feet southeast of; 

iron post stamped **2293 S " 2, 293. 264 

Haydcn Lake, 40 feet west of, 200 feet east of gate to King's ranch, in pine 

tree; nail 2,262.00 

HaydenLake; surfatce of water, August 29, 1899 2,243.2 

Comer of Tps. 51 and 58 7X., Bm. 8 and 4 W.» alone townihip line north to Hayden Lake. 

ComerofTps. 51and52N., Rs. 3and4 W.; iron post stamped ** 2424 S".. 2,424.05 
T. 52 N., R. 3 W., 30 feet east of quarter comer of S. i sec. 33; in root of 

fir tree; spike 2,465.46 

Hayden Lake, 100 feet west of, 3 feet east of trail, on stone; cross 2, 330. 

Comer of lees. 4, 5, 81, and 88, Tpe. 51 and 58 JX„ B. 8 W., to Hndlow*! ranek, on Kajden 

Lake. 

Rim Rock, 300 feet northwest of schoolhouse, 60 feet north of road, in 
tamarack stump ; spike ^ 2, 519. 19 

Hudlow*s ranch, 25 feet northeast of house, 600 feet north of Hayden Lake; 
iron post stamped** 2267 S" 2,267.846 

Corar d'Alene Tia French Onlch to Kelley*! raneh. 

Coeur d'Alene, 2 miles northeast of, 30 feet north of road and 50 feet west 
of bridge, in root of tamarack stump; nail 2, 296. 39 

French Gulch, summit of hill east of, 10 feet north of road, 50 feet south- 
east of house, in root of pine stump; nail 2, 52L 92 

Weit end of Spirit Lake alone trail to Briokel*f cabin. 

Spirit Lake, 1 mile west of, 30 feet west of log cabin, 60 feet east of creek, 
5 feet north of trail, in root of fir tree 24 inches in diameter; nail 2, 466. 07 

Spirit Lake, 2 miles west of, 20 feet southeast of southeast comer of BrickeFs 
cabin, 150 feet north of creek, in root of fir tree 10 inches in diameter; 
nail 2,476.07 

SchoolhouM at eatt end of Eirhtmile Prairie, 8 mUei louth of Ramaej, eaat alone connty 
road to Pend Oreille Lake. 

Schoolhouse at east end of Eightmile Prairie, 100 feet west of, 250 feet east 
of Northem Pacific Railway; iron post stamped "2385 S" 2. 385. 500 

Schoolhouse at east end of Eightmile Prairie, 2 miles east of, 10 feet north 
of road at top of hill, in root of pine tree; nail 2, 432. 67 

Schoolhouse at east end of Eightmile Prairie 4.8 miles east of, 15 feet north 
of road, in joot of pine tree; nail 2,398. 79 

Schoolhouse at east end of Eightmile Prairie, 4 miles east of, 250 feet north- 
west of sawmill, 140 feet northwest of house; iron post stamped **2465 S " . 2, 465. 608 

Pend Oreille Lake, 8 feet east of road, 9 feet south of comer of fence, in 
root of Cottonwood tree 10 inches in diameter; nail 2, 071. 09 

Pend Oreille Lake; surface of water, September 22, 1897 2,055.5 

Collin's ranch along road and Leiberg trail to Chilto Mountain. 

Collin's ranch, 2.5 miles east of, 20 feet south of forks of roads, in root of 
fir tree 12 inches in diameter; nail 2,643.23 

Collin's ranch, 3.5 miles east of, 4 feet north of trail at ite beginning, 100 
feet south of creek: iron post stamped "2684 S" 2,684.491 
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Leiberg Creek and Iron Gulch, top of divide between, 1 mile southwest of Feet. 
Chilco triangulation station; iron post stamped "4944 S " 4, 944. 500 

Bamiey via Seneacaoteen and Rathdnua road to Sheep SpringB. 

Ramsey, 1 mile north of, 30 feet west of road, in root of pine tree; nail 2, 353. 30 

Ramsey, 2.8 miles north of, 10 feet west of road, 100 feet west of fork of 

roads; iron post stamped "2424 S" 2, 424. 629 

Ramsey, 4.3 miles north of, 30 feet west of fork of roads, 5 feet west of road, 

in root of pine tree; nail 2, 440. 22 

Ramsey, 5 miles north of, 40 feet north of road, 60 feet northeast of fork of 

roads, in root of pine tree; nail 2, 437. 49 

Ramsey, 5.8 miles north of, 25 feet northeast of crossroads; iron post stamped 

"2491 S" 2,491.449 

Ramsey, 7.5 miles north of, 30 feet west of road, in root of tree; nail 2, 521. 38 

Sheep Springs, 200 yards southwest of, 15 feet north of road, in root of fir 

tree; nail '. 2,486.24 

Conr d'Alene Tia Wolf Lod^e to Fourth of July Canyon. 

Coeur d'Alene, 2.8 miles southeast of, 60 feet southwest of fork of roads, 

on stone 30 by 20 by 12 inches; cross 2, 504. 445 

Ca?ur d'Alene, 3 miles southeast of, 45 feet south of road at summit of hill; 

iron post stamped "2691 S" 2,691.893 

Cceur d'Alene, 4.5 miles southeast of, 60 feet east of creek, 10 feet north of 

road, in fir tree; nail 2, 545. 83 

Coeur d'Alene, 6.7 miles southeast of, 5 feet north of road, 50 feet east of 

fork of roads, in fir tree; nail 2,162.80 

Wolf Lodge, 60 feet west of Johnson's house in yard, 200 feet east of Wolf 

Lodge Creek ford; iron post stamped "2155 S " 2, 155. 092 

Wolf Ixxige, 1.2 miles east of, 5 feet north of road, 300 feet north of drain, 

in root of fir tree; nail 2, 339. 00 

Fourth of July Canyon and Cedar Creek, top of divide between, 40 feet 

north of road ; iron post stamped "3136 S " 3, 137. 062 

Harrlion along track of Oregon- Washinffton Ballroad A Navigation Co. to Lane. 

Harrison, ])a8e of fence around residence of M. Ribstene, in sixth tier of 
stone wall; aluminum ta])let stamped "2207 S " 2, 206. 970 

Lane, 600 feet southeast of post office and station, 40 feet north of house, 
in granite bowlder 24 by 36 by 40 inches; aluminum bolt stamped 
"2153 S" 2.153.438 

Len Landing Tia BeUgrove to State Une. 

Len Landing, 1 mile southwest of, 10 feet north of road, in root of fir tree; 
nail 2,530.36 

Len Landing, 2.1 miles southwest of, 6 feet south of trail on summit of 
mountain, in root of pine tree; nail 2, 070. 37 

Len Landing, 3.2 miles southwest of, 6 feet south by 100 feet west of cross- 
roads, in root of fir tree; nail 2, 502. 81 

Bellgrove, 1 mile south of, 20 feet east of an old deserted cabin, 100 feet 
north of fork of roads; iron post stamped "2411 S " 2, 411. 994 

Bellgrove, 2 miles southwest of, 5 feet west of road, 20 feet south of fork of 
roads, in root of fir tree; nail 2, 464. 55 

Three Pine Springs, 1.1 miles west of, 20 feet south of road, at summit of 
hill, in root of fir tree; nail 2, 753. 54 
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Bellgrove via Mica Bay to Post Falli. 

Bellgrove, 0.9 mile north of, 15 feet east of road at summit of divide, 600 Feet. 

feetnorthofB. F.Williams's house; iron post stamped ** 2585 S" 2,585.372 

Bellgrove, 2.1 miles north of, 24 feet north of creek, 500 feet southeast of 

bam, 20 feet east of fence, in root of fir tree; nail 2, 331. 21 

Bellgrove, 2.8 miles north of, 60 feet west of creek, in root of white pine 

tree; nail 2,290.32 

Bellgrove, 5.8 miles north of, 100 feet south of house, on rock 20 by 10 by 7 

inches; cross 2, 149. 91 

Mica Bay, 0.8 mile north of, 20 feet northwest of fork of roads, on stone 

36 by 24 by 18 inches; cross 2,471.57 

Mica Bay, 1.2 miles north of, 10 feet west of forks of roads on summit of 

hill, in root of pine tree; nail 2, 571. 32 

T. 49 N., R. 4 W., 30 feet east of quarter comer between sees. 4 and 5; iron 

post stamped "2578 S" 2,578.170 

Cougar Creek, 2 miles northwest of, 12 feet south of road, on summit of 

divide between Spokane River and Cougar Creek, 800 feet north of 

cabin; iron post stamped "2810S" 2,810.936 

Spokane River, 0.5 mile south of, 25 feet southeast of fork of roads, in root 

of pine tree; nail 2, 139. 44 

Post Falls, 1.5 miles southeast of, 15 feet south of ferry over Spokane River, 

in root of pine tree; nail 2, 121. 59 

Variooi hif h nuiimiti determined by Tertioal anglei. 

Coeur d* Alene, 7.5 miles southeast of, 4.5 miles east of Echo Bay, on summit 
of highest roundtop point, in stone 20 by 20 inches; aluminum ])olt 
stamped **4440S" 4,440.5 

Coeur d'Alene, 10 miles southwest of, Skalan triangulation station, on 
summit of high roundtop bald peak, in rock 2 feet by 1 foot; copper bolt 
stamped "5250 S" 5,250.5 

Coeur d'Alene, 10 miles northeast of, summit of high roimdtop burnt point 
at head of Wolf Lodge Creek, in large bowlder; aluminum bolt stamped 
"4851 S" 4,851.5 

Rathdrum, 3 miles north of, on high roundtop biu^t peak known as " Rath- 
drum Bald," in bowlder; aluminum bolt stamped "4970 S" 4,970.5 

Hayden Lake, 5.5 miles east of high roundtop burnt point, in rock; alumi- 
num bolt stamped "5026 S" 5, 026. 5 

Leiberg Creek and Iron Gulch, 1 mile northeast of divide between, at 
Chilco triangulation station; copper bolt stamped "5625 " 5, 625. 5 

CATALDO Sfy QUADHAHOLE AJTD C<BUB D'ALENE SPECIAL QUADRANGLE. 
Cataldo along road to month of Fonrth of Jnly Canyon. 

Cataldo, 4 feet west of section house; iron post stamped "2143 S " 2, 142. 886 

Cataldo, 1 mile northwest of, in base of telephone pole 1034; spike 2, 135. 450 

Cataldo, 3 miles northwest of, 175 feet northwest of schoolhouse, in root of 

pine stump; nail 2, 136. 87 

Cataldo, 3.7 miles northwest of, north of road at forks, in root of fir tree; nail. 2, 152. 09 
Cataldo, 4.6 miles northwest of, 6 feet west of telephone pole 900, in root of 

stump; spike 2, 205. 57 

Cataldo, 5.7 miles northwest of, south of road, 60 feet southwest of telephone 

pole 857, in root of fir stump; spike 2,257.54 

Foiulh of July Canyon, mouth of, 200 feet west of old bam, south of road 

opposite old cellar; iron post stamped "2160 S " 2, 160. 446 
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KlB^on alone trail yla Little Forth Fork to Caioado Creek, theaoe northeast yla 
Lelberg mine, Bear Creek, and Weber mine to Lake View. 

Little North Fork of Coeur d'Alene River, 150 feet north of mouth of, 30 Feet. 
feet west of, on top of large cliff; iron post 2, 204. 880 

Little North Fork of Cceur d'Alene River, 100 feet n«i;hwest of mouth of, 
6 feet above water, on narrow projecting rock; cross 2, 193. 450 

Kingston, 1 mile northeast of, 90 feet northeast of Oregon-Washington Rail- 
road & Navigation Co. bridge, in root of cottonwood tree branching in 
two; nail 2, 160. 90 

Delta, Murray, and Little North Fork roads, 210 feet east of intersection of, 
40 feet soutti of creek at bend in road, in root of 12-inch pine tree; nail. . 2, 532. 48 

Delta, Murray, and Little North Fork roads, 0.45 mile from intersection of, 
20 feet north of creek, in root of fir tree; spike; marked **2436" 2, 437. 06 

Delta, Murray, and Little North Fork roads, 1.2 miles from intersection of, 
20 feet south of road, in root of pine tree; nail 2. 260. 99 

Delta, Murray, and Little North Fork roads, 1.98 miles north of intersection 
of, 1,700 feet northwest of Jacobson's house, 30 feet west of road, in root of 
large cedar stump; nail marked *'2195" 2,195.06 

Ben Vener's house, 50 feet northwest of, in root of 24-inch fir tree; nail 2, 199. 25 

Ben Vener's house, 1 mile northwest of, edge of trail between North Fork 
of Coeur d'Alene and Little North Fork rivers, in root of 20-inch pine 
tree; nail marked "2462" 2,462.44 

North Fork and Little North Fork rivers, summit of trail between, 25 feet 
north of trail, in root of 26-inch fir tree; nail marked "2641 " 2, 64L 58 

North Fork Cceur d'Alene River, 1.25 mile from, 10 feet north of trail, 20 
feet north of small rill, in root of 16-inch fir tree; nail marked "2515". . 2, 514. 82 

Little North Fork River, 500 feet northwest of, at edge of trail, in root of 
fir tree; nail marked "2380" 2, 382. 27 

Canning's house, 880 feet Aorth of, 150 feet northwest of Little North Fork 
River, 40 feet south of trail, in root of 36-inch cottonwood tree; nail 
marked "2205" 2,206.10 

Canning's house, 0.5 mile north of, 80 feet west of Little North Fork River, 
30 feet east of trail, in root of 34-inch cedar tree; nail marked "2212". . . 2, 212. 52 

Glenwood, 40 feet west of log house, 300 feet northwest of Little North Fork 
River, in root of 12-inch fir tree; nail marked "2218 " 2, 218. 42 

Bumble Bee, east of river, in top of rock 12 feet above water; aluminum 
tablet stamped "2239 S" 2,239.444 

Bumble Bee, 0.25 mile southwest of, 30 feet southeast of river, at edge of 
trail, in root of 36-inch cottonwood tree; nail marked "2241 " 2, 241. 25 

Bumble Bee, 0.8 mile northwest of, 10 feet west of river, at edge of trail at 
ford, in root of 30-inch cottonwood tree; nail marked "2245 " 2, 245. 09 

Bumble Bee, 1.5 miles northwest of, opposite high cliff at bend in river, on 
bank of river, in root of 24-inch cottonwood tree; nail marked "2250". . 2, 250. 43 

Bumble Bee, 2.8 miles northwest of, 1,600 feet south of cabin, 30 feet south- 
west of river, in root of 36-inch cedar tree; nail marked "2273 " 2, 273. 39 

Old Mission trail, intersection with Little North Fork of Coeur d'Alene 
River crossing, 20 feet south of river, in root of 36-inch fir tree; nail 
marked "2300" 2,300.06 

Old Mission trail, 0.1 mile from, intersection with Little North Fork of 
Coeur d'Alene, 10 feet from north bank of river, in root of pine tree 30 
inches in diameter; nail 2, 306. 29 

Cox's logging camp, 70 feet east of, 50 feet west of Copper Creek, 30 feet 
west of Old Mission trail: iron post stamped "2335 S" 2,335.780 

Cox's logging camp, 0.25 mile north of, 200 feet from Copper Creek, 10 feet 
east of trail, in root of 16-inch white pine tree; nail marked "2336 " 2, 336. 85 
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Cox's logging camp, 1 mile north of, 20 fet^t southeast of Little North Fork 

River, at edge of trail where it makes first steep climb above Cox*s camp, Feet. 

in root of 30-inch hemlock tree; nail marked "2357 " 2, 357. 25 

Little North Fork River, west side of stream, at base of cliff 300 feet high, 

10 feet from three large cotton wood trees, in root of fir tree; nail marked 

"2388" 2,388.35 

Old Mission trail, 20 feet north of, south bank of river, in root of 48-inch 

cedar tree;- nail marked "2401" 2,40L88 

Cox's lower logging camp, 3 miles northwest of, 50 feet south of river, 10 

feet south of Old Mission trail; iron post stamped "2406 S" 2,406.773 

Little North Fork River, south bank of stream at bend, at base of cliff 75 

feet high, on shelving rock, in root of 18-inch hemlock tree; nail marked 

"2444 " 2, 444. 97 

Old Mission trail, 20 feet north of, 40 feet south of river, in root of 24-inch 

hemlock tree; nail marked "2467" 2,468.70 

Little North Fork River, near bend at base of cliff 100 feet high projecting 

over river, in root of 36-inch cottonwood tree; nail marked "2481 " 2, 481. 23 

Little North Fork River, south bank of, clump of four trees, one partly cut 

by beavers, in root of cottonwood tree; nail marked "2502 " 2, 503. 20 

Leiberg and Old Mission trails, 200 feet west of intersection of, west bank 

of river, on large rock; cross marked "2540" 2, 540. 40 

Leiberg and Old Mission trails, intersection of, 40 feet north of, 6 feet east 

of trail, in root of 20-inch hemlock tree; nail marked "2541" 2, 541. 78 

Leiberg and Old Mission trails, 12 feet west of intersection of, 0.75 mile 

northwest of Handspike mine, 200 feet west of mouth of Leiberg Creek; 

iron post stamped "2541 S" 2,541.860 

S. W. Cope's cabin, 250 feet northeast of, 10 feet north of river, 70 feet 

below crossing of Old Mission trail, in root of 30-inch cottonwood tree; 

nail marked "2558" 2,559.04 

Prospector's cabin, 0.5 mile northwest of, south bank of river, at base of 

steep wooded slope, in root of 18-inch cedar tree; nail marked "2630". . 2, 631.36 
Old Mission trail, 100 feet south of, on south bank of river, 400 feet above 

large riflle, in root of 30-inch cottonwood tree; nail marked "2673" 2, 672. 52 

Old Mission trail, 170 feet south of, 50 feet east of large talus slope, south 

bank of river, in root of 24-inch cottonwood tree; nail marked "2692". . 2, 692. 56 
Old Mission trail ford, 200 feet north of, north bank of river at bend, in 

root of 12-inch black pine tree; nail marked "2717" 2,718.04 

Skookum Creek, mouth of, on bank, in root of dogwood tree; nail marked 

"2732" 2,732.54 

Old Mission and Coeur d'Alene trails, 10 feet east at intersection, 115 feet 

north of mouth of Deception Creek; iron post stamped "2740 S " 2, 740. 627 

Old Mission and Coeur d'Alene trails, 0.5 mile north of intersection, 200 

feet northeast of ford of Old Mission trail, north bank of river, in root of 

20-inch white pine tree; nail marked "2754" 2.754.79 

Old Mission and Cceur d'Alene trails, 1.5 miles north of intersection of, 

20 feet east of river, 6 feet west of Old Mission trail, in root of white pine 

tree; nail marked "2792" 2,792.89 

Cascade Canyon, mouth of, 240 feet south of mouth of Cascade Creek, 30 

feet east of river, edge of trail at ford, in root of large pine stimip; nail 

marked "2834" 2,834.62 

Cascade Creek, 230 feet south of mouth, 80 feet east of river, 10 feet east of 

forks of trail; iron poet stamped "2837 S" 2, 837. 547 

Cascade Canyon, 0.8 mile northeast of mouth of, 400 feet northeast of cabin, 

edge of trail, in root of 30-inch white pine tree; nail marked "2912 " 2, 912. 58 
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Cascade Canyon, 1.2 miles northeast of mouth of, 20 feet south of trail, in Feet. 

root of 38-inch white pine tree; nail marked *'2980" 2, 980. 76 

Moore*8 cabin, 0.8 mile southwest of, between trail and creek, in root of 

white pine tree 36 inches in diameter; nail marked **3155 " 3, 156. 26 

Moore's cabin, 0.5 mile southwest of, 10 feet north of trail, 30 feet south of 

cabin, in root of 24-inch hemlock tree; nail marked "3293 " 3, 293. 82 

Moore's cabin, 340 feet south of, 30 feet east of small creek, 6 feet north of 

trail, in root of 32-inch hemlock tree; nail marked "3346" 3, 347. 10 

Moore's cabin, 1,700 feet northeast of, 5 feet south of trail, in root of 24-inch 

hemlock tree; naU marked **3437" 3,438.35 

Moore's cabin, 0.6 mile northeast of, edge of trail, in root of hemlock tree; 

nail marked ''3642" 3, 643. 33 

Moore's cabin, 1.5 miles northeast of, north edge of trail, in root of 12-inch 

fir tree; nail marked "3900" 3,900.36 

Moore's cabin, 1.8 miles northeast of, edge of trail, in root of 10-inch white 

pine tree; nail marked "4144" 4, 148. 50 

Moore's cabin, 1.9 miles northeast of, edge of trail, in root of 20-inch white 

pine tree; nail marked "4300" 4, 301. 09 

Moore's cabin, 2 miles northeast of, at forks of trail and beginning of second 

switchback, in root of 20-inch fir tree; nail marked"4473 " 4, 473. 79 

Moore's cabin, 2.25 miles northeast of, 60 feet above last switchback, edge of 

trail, in root of 18-inch black pine tree; nail marked "4661 " 4, 662. 00 

Moore's cabin, 2.25 miles northeast of, 800 feet south of Leiberg mine, edge 

of trail, in root of 24-inch white pine tree; nail marked "4665 " 4, 666. 59 

Leiberg mine, 0.5 mile south of, edge of trail, in root of black pine tree 10 

inches in diameter; nail marked "4809" 4, 809. 65 

Leiberg mine, 0.8 mile south of, 300 feet west of sunmiit of trail, 6 feet 

north of trail, in root of 10-inch black pine tree; nail marked "5100" 5, 100. 64 

Leiberg mine, 0.8 mile south of, top of summit in large rock, 20 feet south 

of trail; aluminum tablet stamped "5127 S" 5,127.864 

Leiberg mine, 0.9 mile southeast of, 6 feet south of trail, at base of rocky 

knoll, in root of white pine tree; nail marked "5094 " 5, 094. 68 

Summit of trail, 1,600 feet northeast of, 18 feet north of trail, on steep smooth 

slope, in root of black pine tree; nail marked "4919 " 4, 920. 495 

Leiberg mine, 1 mile southeast of, 0.5 mile east of summit of trail, 3 feet 

north of trail, in root of 12-inch black pine tree; nail marked "4926 " 4, 926. 796 

Leiberg mine, 1.25 miles southeast of, south edge of trail, in root of fir tree; 

nail marked "4822" 4,822.846 

Leiberg mine, 1.8 milas east of, in low sag on ridge, 3 feet south of trail, in 

root of 12-inch white pine tree; nail marked "4457 " 4, 458. 21 

Leiberg mine, 3 miles southeast of, top of last summit between Cascade and 

Trail creeks, on top of large white quartz bowlder 30 feet south of trail ; 

cross marked "4581" 4,582. 56 

Leiberg mine, 3.1 miles southeast of, 400 feet southeast of last summit on 

trail between Cascade and Trail creeks, in root of 10-inch hemlock tree; 

nail marked * * 4522 " 4, 523. 25 

Leiberg mine, 3.25 miles southeast of, edge of trail, in root of 16-inch white 

pine tree; nail marked "4439" 4,440. 20 

Leiberg mine, 4 miles southeast of, 1 mile southeast of last summit on trail, 

edge of trail, in root of 10-inch white pine tree; nail marked "4169 " 4, 170. 14 

Leiberg mine, 4.5 miles southeast of, 0.5 mile west of Trail Creek, 3 feet 

south of trail, in root of 12-inch hemlock tree; nail marked "4001 " 4, 002. 13 

Leiberg mine, 4.8 miles southeast of, 500 feet east of Teany's cabin, 1,200 

feet west of Trail Creek, 3 feet south of trail, in root of white pine tree; 

nail marked "3802" , 3,803. 57 
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Webb'B cabin, 0.25 mile south of, 800 feet we3t of Trail Creek, on sharp ridge Feet. 

sloping down to creek, 3 feet west of trail, in root of 24-inch red fir tree; 

nail marked "3571" 3, 572. 66 

Webb's cabin, 120 feet southeast of, 100 feet west of Trail Creek, SW. J sec. 

29, T. 52, R. 1 E., 3 feet west of trail, in root of 12-inch' white pine tree, 

nail marked "3332" 3,333.61 

Webb's cabin, 0.2 mile east of, 100 feet east of Trail Creek, 8 feet east of 

forks of trail ; iron post stamped ' * 3273 S " 3, 274. 068 

Trail Creek, 50 feet east of, 2,000 feet north of McDarman's cabin, in root of 

10-inch white fir tree; nail marked "3213" 3, 214. 27 

Big Meadows, 6 miles southwest of, 20 feet east of Trail Creek, 3 feet south 

of trail, at lower end of lai^ge open meadow, in root of 30-inch spruce tree; 

nail marked * ' 3195 " 3, 196.96 

Big Meadows, 6 miles southwest of, 110 feet southeast of Trail Creek, 2 feet 

east of trail, in root of 16-inch white fir tree; nail marked "3147 " 3, 147. 77 

Big Meadows, 4.8 miles southwest of, 12 feet west of Trail Creek, 4 feet east 

of trail, in root of 36-inch spruce tree; nail marked "3137 " 3, 138. 61 

Heiner's cabin, 30 feet south of, 2.5 miles southwest of Big Meadows, 20 feet 

north of Trail Creek, in root of 30-inch spruce tree; nail marked "3082 "... 3, 083. 28 
Big Meadows, 1.8 miles southwest of, 3 feet south of trail, in root of 16-inch 

hemlock tree; nail marked "3054" 3,055. 42 

Big Meadows, 1.25 miles southwest of, 3 feet north of trail, 70 feet north of 

Trail Creek, in root of spruce tree 24 inches in diameter; nail inarked 

"3026" 3.026.79 

Big Meadows, 0.8 mile southwest of, 100 feet southeast of fork of Lake 

View and Coeur d'Alene trails, 3 feet north of trail, 300 feet northwest of 

mouth of Bear Creek, in root of 10-inch balsam fir tree; nail marked 

"3021" 3,022.00 

Mouth of Caaeade Canjon to point 2.5 mUei northweit of Wricht'i ranch (ipnr line). 

Wright's ranch, 400 feet west of, 10 feet north of river, in root of 24-inch 
white pine tree; nail marked "2856" 2,855.94 

Burnt Cabin Creek, 55 feet northeast of mouth, 0.8 mile west of Wright's 
ranch , on large protruding rock 3 feet above water ; cross marked " 2874 " . 2, 874. 99 

Wright's ranch ,1.25 miles northwest of, 1,600 feet northwest of mouth of 
Burnt Cabin Creek, 10 feet south of river, in root of white fir tree; nail 
marked "2882" 2,883.55 

Wright's ranch, 2 miles northwest of,' 12 feet east of river, 15 feet west of 
trail, in root of 36-inch spnice tree; nail marked "2902" 2, 903. 05 

Wright's ranch, 2.5 miles northwest of, 200 feet west of trail, below dense 
willow swamp, south bank of river at sharp bend, in root of 20-inch spruce 
tree; nail marked "2916" 2,916.99 

Mouth of Bear Creek alone trail yla Mageei to month of Sait Fork of Ocenr d'Alene 
Rtrer, thence down rhrer to month of Little Forth Fork. 

Big Meadows, 0.2 mile west of, 300 feet west of mouth of Teepee Creek, on 
steep hillside, 25 feet south of trail, in root of red fir tree 18 inches in 
diameter; nail marked "3138" 3, 139. 06 

Magee's ranch, 0.25 mile west of, 260 feet north of mouth of Teepee Creek, 3 
feet south of trail, in root of 22-inch spruce tree; nail marked "2997". . 2,998. 19 

C. Magee's cabin, 120 feet south of, 300 feet north of Trail Creek, 60 feet north 
of trail, on gravel knoll in open meadow; iron post stamped "2984 S". . 2, 985. 289 

C. Magee's cabin, 1 mile northeast of, 50 feet northwest of Trail Creek, 6 feet 
southeast of trail, in root of 8-i|ich white fir tree; nail marked "2957". . 2, 958. 61 
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C. Magee's ranch, 2 miles northeast of, 70 feet south of trail, bank of Trail Feet. 
Creek, on projecting rock 3 feet above water; cross marked "2926" 2, 926. 96 

Scott's cabin, 150 feet northeast of, 50 feet west of Trail Creek, 20 feet west 
of trail, in small meadow, in root of balsam fir tree in clump of three; nail 
marked "2919" 2,920.12 

T. S. Vickere's cabin, 220 feet northwest of, 20 feet southwest of Trail Creek, 
8 feet east of trail, in root of spruce tree forking in two; nail marked 
"2903" 2,904.70 

Independence Creek, 200 feet north of mouth, 35 feet east of creek, 7 feet 
north of trail, 5 feet south of 36-inch cotton wood tree, on small gravel 
knoll; iron post stamped "2894" 2,895. 168 

Independence Creek, 1 mile northeast of mouth, 30 feet southwest of river, 
15 feet southeast of an old cabin, in root of 20-inch white pine tree; nail 
marked "2874" 2,874.93 

Independence Creek, 2.25 miles northeast of mouth, 30 feet north of river, 
in root of 35-inch white pine tree; nail marked "2847" 2, 848. 41 

East Fork of Coeur d'Alene River, 1 mile northwest of mouth, 0.5 mile 
southeast of Peterson's cabin, north bank of river, in root of 12-inch Cot- 
tonwood tree; nail marked "2813" 2, 813. 68 

East Fork of Cceur d'Alene River, 240 feet southeast of mouth, 30 feet south 
of north fork of river, 40 feet west of Miss Otterson's cabin; iron post 
stamped " 2796 S " 2, 797. 072 

East Fork of Coeux d'Alene River, 1.25 milee southeast of mouth of, on 
north bank of river opposite limestone cliff, in root of 18-inch cotton wood 
tree; nail marked "2768" 2, 769. 56 

East Fork of Coeur d'Alene River, 2.25 miles southeast of mouth of, on east 
bank of river, on large square rock sloping into river and 3 feet above 
surface of water; cross marked "2748" 2, 749. 32 

East Fork of Coeur d'Alene River, 3.25 miles southeast of mouth, on east 
bank of river, opposite large riffle, in root of 18-inch cottonwood tree; nail 
marked "2731" 2,73L70 

East Fork of Cceur d'Alene River, 4.25 miles southeast of mouth, 30 feet 
south of nver, 90 feet northeast of cabin, in root of 10-inch willow tree; 
nail marked "2714" 2,715.14 

East Fork of Coeur d'Alene River, 5 miles southeast of mouth, on south bank 
of river, 4 feet above water, on shelving rock protruding from a high cliff, 
600 feet west of L. Sherman's cabin; cross marked "2701" 2, 702. 32 

Big Henk's meadow, 0.5 mile southeast of, at sharp bend in river, 6 feet 
above water, on large projecting rock; cross marked "2674 " 2, 675. 07 

Big Henk's meadow, 1.25 miles southeast of, 350 feet south of mouth of 
creek, at base of cliff 200 feet high, 3 feet north of white pine tree 24 inches 
in diameter, on top of rock; cross marked " 2661 " 2, 661. 94 

Big Henk's meadow, 2.5 miles southeast of, upper end of Long Pool, at 
base of cliff, 25 feet above water, on shelving rock; cross marked " 2640". . 2, 64L 21 

Big Pool, 60 feet north of, 220 feet southeast of an old cabin, 7 feet northeast 
of hemlock tree 30 inches in diameter; iron post stamped "2636 S" 2, 636. 840 

Big Pool, 1.25 miles southeast of, 300 feet east of mouth of creek, opposite 
old cabin, 3 feet above water, on highest point of large rock projecting 
above water; cross marked "2607" 2, 607. 77 

Big Pool, 2.5 miles southeast of, on east bank of river, 60 feet west of foot of 
high cliff, 3 feet above water, on highest point of large rock; cross marked 
"2587" 2,587.59 

Big Pool, 3 miles southeast of, on west bank of river, at base of cliff, 6 feet 
above water, on top of large rock; cross marked " 2579" 2, 580. 27 
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Big Pool, 4 miles southeast of, west bank of river, opposite high cliff, in Feet, 
root of 30-inch cottonwood tree; nail marked *' 2564 " 2, 564. 77 

Kit Price's prairie, southeast end of , 40 feet west of river, in root of 48-inch 
twin cottonwood tree; nail marked *'2535" 2, 536. 11 

Kit Price's prairie, 1 mile southeast of, near middle of river, 3 feet above 
water, on large rock; cross marked " 2519" 2, 519. 87 

Kit Price's prairie, 2 miles southeast of, on west bank of river, in root of 
30-inch cottonwood tree; nail marked "2506" 2, 506. 28 

Kit Price's prairie, 3 miles southeast of, 0.5 mile north of mouth of Big 
Creek, on east bank of river, in root of 24-inch cottonwood tree; nail 
marked "2492" 2,492.99 

Big Creek, 1 mile southeast of mouth, on north bank ot river, in root of 
cottonwood tree forking in three; nail marked ** 2474" 2, 475. 06 

Big Creek, 1.25 miles southeast oi mouth, on south bank of river, opposite 
jagged cliff, on very large rectangular rock sloping down to water, 1 foot 
above high water mark; aluminum tablet stamped "2472 S"; sunk into 
rock 2,472.314 

Copper Bell mine, 200 feet east of mouth of tunnel, 50 feet east of location 
tunnel, on south bank of river, 7 feet above water, on projecting point of 
cliff; cross marked "2455" 2, 456. 11 

Copper Bell mine, 1.25 miles south of, 2.8 miles northeast of mouth of 
Prichard Creek, 5 feet above water, south bank of river, on top of large 
rock; cross marked "2438" 2, 438. 32 

Prichard Creek, 2 miles northeast of mouth, 1,600 feet west of Whipple's 
cabin, on south bank of river, in root of 18-inch cottonwood tree; nail 
marked " 2425" 2, 425. 88 

Prichard Creek, 0.8 mile northeast of mouth, on south bank of river, oppo- 
site rocky point, in root of 24-inch twin cottonwood tree; nail marked 
"2409" 2,409.74 

Prichard Creek, 0.9 mile southwest of mouth, on east bank of river, 400 feet 
northwest of old cabin, opposite burned steep rocky slope, in root of 
12-inch cottonwood tree; nail marked "2387" 2,387.56 

North Fork of Coeur d'Alene River, east side of, 200 feet north of Delta 
road, at foot of cliff, 7 feet above water; aluminum tablet stamped 
" 2370 S " 2, 372. 469 

North Fork of Cceur d' Alene River, 30 feet east of, 160 feet north of Delta 
road, on narrow rock projecting from cliff, 11 feet above water; aluminum 
tablet stamped "2376 S" • 2,376.238 

Beaver Creek, 3.3 miles west of, on south side of river, 800 feet north of cliff, 
in root of 30-inch cedar tree; nail marked "2325" 2, 327. 24 

Big Jam, 1.6 miles southwest of, on south bank of river, opposite high 
craggy cliff, at edge of bum, in root of 10-inch cedar tree; nail marked 
"2280" 2,280.08 

Castle Rock, 50 feet east of west end, flat rock sloping toward cliff; highest 
part; marked** 2256" 2,257.61 

Steamboat Rock, 200 feet east of, 60 feet from west end of cliff, east side of 

Steamboat Creek at mouth ; aluminum tablet stamped " 2248 S " 2, 249. 44 

Moath of Bear Creek ▼!& Lake View to Pend Oreille Lake.i 

Bear Creek, 0.8 mile north of mouth, 40 feet east of Bear Creek, 10 feet 
west of trail, in root of 20-inch spruce tree ; nail marked " 3098 " 3, 099. 46 

Bear Creek, 1.25 miles north of mouth, 2 feet west of track, in root of black 
stump; nail marked "3151" 3, 152. 78 



J The closure error In this circuit is excessive. 
97937°— Bull. 487—11 3 
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Bear Creek, 2 miles north of mouth, 30 feet east of Bear Creek, 4 feet east of Feet 
trail, in root of lone white pine tree 36 inches in diameter; nail marked 
"3280^* 3,28L52 

Bear Creek, 2.3 miles north of mouth, on steep open incline, 20 feet north- 
east of trail, in root of 10-inch black pine tree; nail marked '* 3575" 3, 576. 55 

Bear Creek, 2.5 miles north of mouth, on steep open incline, sloping toward 
the south, 6 feet west of trail, in root of 24-inch line white pine tree; nail 
marked "3974 " 3, 975. 44 

Bear Creek, 2.8 miles north of mouth, on steep open incline, sloping toward 
south, 25 feet east of trail, in root of 20-inch red fir tree; nail marked 
"4440" 4,441.53 

Bear Creek, 2.9 miles north of mouth, on steep open incline, sloping toward 
the south, 20 feet east of trail, in root of 9-inch fir tree; nail marked "4684 " 4, 685. 03 

Bear Creek, 3 miles north of mouth, on top of first summit on trail between 
mouth of Bear Creek and Lake View, 3 feet north of trail, in root of 24- 
inch red fir tree; nail marked "4734 " 4, 735. 53 

Bear Creek, 3 miles north of mouth, on top of first sunmiit between mouth 
of Bear Creek and Lake View, 3 feet below apex of rocky point, in flat 
black shale rock; aluminum tablet stamped "4858 S " 4, 859. 519 

Bear Creek, 3.25 miles northwest of mouth, on top of ridge, where trail 
makes first big drop toward Independence Creek, 5 feet west of trail, in 
root of 9-inch balsam fir tree; nail marked "4838" 4, 839. 75 

Bear Creek, 3.5 miles northwest of mouth, 1.8 miles south of Independence 
Creek, 3 feet east of trail, in root of 24-inch tamarack tree; nail marked . 
"4522" 4,523.21 

Biar Creek, 3.6 miles northwest of mouth, 1.7 miles south of Independence 
Creek, at foot of steep slope, in root of 30-inch fir tree ; nail marked * ' 4364 " . 4, 365. 71 

Bear Creek, 4 miles northwest of mouth, 1.5 miles south of Independence 
Creek, 30 feet west of trail, on west slope of small grassy knoll, in root of 
balsam fir tree forking in two; nail marked "4320 " 4, 32L 39 

Bear Creek, 4.25 miles northwest of mouth, 1.25 miles south of Independ- 
ence Creek, on high bushy knoll, in root of 12-inch white fir tree; nail 
marked ' ' 4515 " 4, 516. 27 

Bear Creek, 4.4 miles northwest of mouth, 1 mile south of Independence 
Creek, on steep brushy incline, sloping toward west, 30 feet southwest of 
trail, in root of 10-inch hemlock tree; nail marked "4200" 4, 201. 41 

Independence Creek, 0.25 mile south of, on steep wooded incline, sloping 
down to creek, 6 feet north of trail, in root of 30-inch white pine tree; 
nail marked "3691 " 3, 692. 46 

Independence Creek, 0.2 mile south of, on steep wooded point sloping down 
to creek, 20 feet north of trail, in root of 20-inch hemlock tree; nail 
marked ' ' 3576 " 3, 577. 04 

Mis. Lovell's cabin, 6 feet southwest of, 120 feet south of Independence 
Creek, 5 feet north of trail, 11 miles southeast of Lake View; iron post 
stamped "3275 S" 3, 276. 557 

Mrs. Loveirs cabin, 0.25 mile west of, 400 feet north of Independence 
Creek, 6 feet north of trail, on steep open point sloping south, in root of 
10-inch fir tree; nail marked "3429 " 3, 430. 10 

Mis. Ix)veirs cabin, 0.4 mile west of, 500 feet north of Independence Creek, 
at beginning of second switchback on trail, in root of 9-inch fir tree; nail 
marked "3645" 3, 646. 61 

Independence and Bear Creek trails, 120 feet west of intersection of, on 
high burned divide, 12 feet north of Lake View trail, in root of 12-inch 
tamarack tree: nail marked "4280" 4, 281. 22 
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Weber mine, 1.6 miles southeast of, 150 feet south of summit of divide, Feet. 
0.5 mile north of Independence Creek, 12 feet south of trail, in root of 30- 
inch tamarack tree; nail marked *'4908" 4,909.55 

Weber mine, 1.5 miles southeast of, on top of divide, burned ridge, 3 feet 
north of trail, in root of 24-inch tamarack tree; nail marked "4983 " 4, 984. 75 

Lake View, 6 miles southeast of, 1 mile southeast of Weber mine, at head of 
graded road, on lowest part of divide; iron post stamped "4602 S " 4, 604. 542 

Weber mine, 120 feet southwest of entrance, 30 feet northwest of road, in 
root of large black stump; nail marked "3606" 3,607.97 

Conjecture mill, 4 miles southeast of I>ake View, in top of stringer in south- 
west comer of mill; nail marked "3164" 3, 165. 49 

Lake View, 3.5 miles southeast of, 10 feet west of road, at foot of long hill, in 
root of black tree; nail marked "2764" 2, 764. 96 

Lake View, 1.8 miles southeast of, on top of hill, 7 feet east of county road, 
in root of 9-inch jack pine tree; nail marked "2695 " 2, 697. 12 

Lake View, comer of South Street and Rus Avenue, 1 foot north of south- 
west comer lot 8, block 6, 75 feet southeast of post-office; iron post 
stamped "2269 S " 2, 269. 824 

Pend Oreille Lake, 100 feet south of, 1,500 feet north of Lake View, 50 feet 
east of North Gold Creek, in root of 36-inch twin cottonwood tree; nail 
marked "2064" 2,065.60 

Pend Oreille Lake, 60 feet east of mouth of North Gold Creek, at water sur- 
face; bridge spike 2, 051. 45 

Pend Oreille Lake, 60 feet east of mouth of North Gold Creek; surface of 
water, Sept. 9 and Sept. 12, 1905 2,051.4 

Klnffiton via Orecon-Waihlii^oii Ballroad As Kavt^atloii Co. tracks to Wallace. 

Kellogg, 200 feet southeast of station, 5 feet west of northwest comer of 

Hotel McKinniss; iron poet stamped " 2305 S " 2,306.720 

Oebum, 300 feet northwest of hotel, 3 feet north of north corner of grocery 
store, on west side of Mullan Avenue; iron post stamped "2521 S" 2, 521. 874 

Wallace, 1 foot north of schoolhouse, 1 foot east of wall, 7 feet south of north- 
east corner; iron post stamped "2728 S " 2, 728. 506 

Osbum via Beaver and Delta to Murray. 

Beaver, 6 feet north of northeast comer of station house, 3 feet east of fence, 

5 feet north of porch; iron post stamped "2785 S" 2, 785. 385 

Murray and Delta, summit of mountain between, 25 feet north of road; iron 

post stamped "3321 S " 3,32L 819 

Murray, at intersection of Main and Second streets, 6 feet west of southwest 

comer of printing office; iron post stamped "2772 S " 2, 772. 435 

Muray via Ea^le and eait fork of Eaf le Creek to point 4 miles east of Eagle (single 

spnr line). 

Murray, 1.7 miles northwest of, 15 feet south of old flume, 5 feet south of 

road, in poplar tree; spike 2, 654. 028 

Murray, 2.7 miles northwest of, in tree 15 feet east of road; spike 2, 601. 518 

Eagle, 20 feet north of cabin, 30 feet east of road ; iron post stamped * * 2546 S " . 2, 547. 088 
Eagle, 120 feet north or road, 350 feet west of white house, in fir tree; spike. 2, 549. 896 
Eagle, 1 mile east of, 450 feet southeast of house, south of road, in spruce 

tree; spike 2,619.773 

Eagle, 1.2 miles east of, 50 feet east of forks of road, in spruce tree; spike. . 2, 626. 716 
Eagle, 4 miles east of, 400 feet northeast of branches of creek, north of road, 
at base of cliff, in quartz rock; copper bolt stamped * ' 2892 S " 2. 892. 674 
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Delta, Murray, and Little North Fork roads, intersection of, 210 feet east Feet. 
of, 40 feet south of creek at bend in road, in root of pine tree 12 inches in 
diameter; nail 2,532. 768 

Halzandorf 's ranch, 780 feet north of, forks of roads, east side of road, in root 
of cedar tree; nail 2, 230. 457 

Wallace east alone Kortliem PacUko Sallwaj to Idaho-Montana bonndary line. 

MuUan, 15 feet west of station, at comer of sidewalk, at base of Northern 
Pacific Railway station steps ; iron post stamped * * 3244 S " 3, 244. 855 

Lookout, summit of Bitterroot Mountain, Mont., 250 feet south of Mon- 
tana-Idaha State line, 30 feet west of station ; iron post stamped ' * 4727 S " . 4, 727. 268 

Wallaoe east via Gem and Burke to OUdden Pan. 

Granite, opposite Granite mill, 10 feet north of Canyon Creek, in root of 
pine stump; spike 3, 168. 202 

Gem, 725 feet east of Granite mill, 6 feet west of house, on fence line, 45 feet 
north of Northern Pacific Railway, 20 feet north of wagon road; alumi- 
num bolt in granite bowlder 5 by 5 by 4 feet, stamped **3197 S " 3, 197. 045 

Burke, 15 feet north of Northern Pacific Railway track, 15 feet east of house, 
17 feet northeast of telegraph pole, 60 feet west of road crossing, 10 feet 
north of wagon road, 180 feet west of station, in rock at base of cliff; 
aluminum tablet stamped "3736 S" 3,736.657 

Burke, in front of station; top of rail 3, 740. 9 

Burke, 1.6 miles northeast of, south of Tiger-Poorman electric station, 18 
feet north of wagon road, in spruce tree; spike 4, 100. 33 

Burke, 3 miles east of, 100 feet north of flume, 1 foot south of road, in root of 
fir tree 4 inches in diameter; spike 4, 783. 67 

Glidden Pass, 15 feet east of road, summit of Bitterroot Mountains, in white 
limestone pillar 5 by 5 inches at top, 2.3 feet high, projecting 4 inches 
above ground; aluminum tablet stamped **5768 " '. 5, 768. 296 

Mnzraj eaat via 'Saren to Tlroiiiiptoik Pan, Idaho-Montana State line. 

Murray, 1 mile east of, 2 feet west of road, in root of pine stump ; spike 2, 911. 337 

Raven, 100 feet south of old sawmill, at north end of Burke trail, at mouth of 

Granite Creek, in bowlder 6 inches above groimd at base of stump; alimii- 

num tablet stamped "3060 S " 3, 060. 761 

Raven, 1.1 miles east of, 20 feet south of road, in root of pine tree 8 inches in 

diameter; spike 3, 258. 155 

Sullivan, 1 mile east of, 2 feet north of road, 35 feet northeast of blazed tree 

on south side of road, in sandstone; cross 3, 908. 110 

Summit of Bitterroot Mountain, 25 feet northeast of road, 25 feet southeast 

of flume; iron post stamped "4862 S" 4, 862. 292 

Bnrke alon^ trail to Saven. 

Burke, 1 mile north of, 2 feet south of trail at switchback, in root of spruce 

tree 5 inches in diameter; spike 4, 632, 70 

Summit, 6 feet east of trail; iron post stamped "5839 S" 5,839.468 

Beaver via Dobion Pan to Wallace. 

Beaver, 2 miles southeast of, 12 feet east of road, in pine tree 1 foot in diam- 
eter; spike 3, 502. 23 

Beaver, 3 miles southeast of, 6 feet east of road, in spruce tree 2 feet in diam- 
eter; spike 3, 948. 90 

Dobson Pass, 12 feet south of road; iron post stamped "4179 S" 4,179.934 

Dobson Pass, 1.1 miles southeast of, 10 feet west of road, in root of tamarack 

tree 1 foot 6 inches in diameter: spike 3, 802. 13 
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KeUoff ylA oonnty road to Wardner. 

Kellogg, 0.7 mile south of, 20 feet southeast of telephone pole, west of road, Feet. 

in cedar stump; nail 2, 521. 353 

Wardner, in foundation of Empire State-Idaho Mining & Developing Co. 

compressor under cylinder head of high pressure air cylinder; aluminum 

tablet stamped'* 2880 S" 2,880.142 

Wardner, Bunker Hill & Sullivan machine shop, 300 feet north of, on rock 

west of road; cross 2, 960. 301 

Delta along wagon road and trail down Forth Fork of Oonr d'Alene Hirer to Klngttoa. 

Delta, 1 mile northwest of, 150 feet southeast of house, on west side of bend 

in road, in root of poplar tree; nail 2, 471. 035 

Delta, 2 miles northeast of, east side of road, in root of dead fir tree ; nail 2, 433. 166 

North Fork of Coeur d'Alene River, at intersection of road with river, in a 

twin cedar; nail 2, 369. 643 

North Fork of Cceur d'Alene River, east side of, 200 feet north of Delta road, 

at foot of cliff, 7 feet above river; aluminum tablet stamped "2370 S" 2,371.772 

Morrison's mine, on rock at entrance; cross 2, 332. 901 

Big Jam, 450 feet east of, sunk into a flat rock sloping into river, 3 feet above 

surface, on south side; aluminum tablet stamped'* 2297 S" 2,298.950 

Big Jam, 1 mile west of, 1,000 feet southwest of junction of old and northwest 

channel of river, on south side; cross on rock 3 feet above surface of water. 2, 287. 046 

Bonners Ferry, Calispell, Pend Oreille, and Sandpoint quadrangles. 
BONNER AND KOOTENAI COUNTIES. 

The elevations in the following list were determined by a double 
primary level line from Tacoma and by other primary lines. The list 
includes descriptions taken from the appendix to the Twentieth 
Annual Report of the Geological Survey, pages 471 to 474 and pages 
521 and 522, inclusive, with readjusted elevations. 

The leveling was done in the Sandpoint quadrangle in 1897 by 
Charles Harlow, jr., in 1898 by W. R. Prowell and H. S. Crowe; in 
the Pend Oreille quadrangle in 1898 by H. S. Crowe, and in 1903 by 
G. II. Kendall; in the Cahspell quadrangle in 1898 by Prowell; and 
in the Bonners Ferry quadrangle in 1904 by M. S. Bright, J. G. 
Hefty, and G. II. Kendall. 

SAKDPOnrT QUADRAKOLE. 

Oranito along Korthern PacUko Sallwaj to Sandpoint. 

Feet. 

Granite, in front of station; top of rail 2, 260. 7 

Granite, 45 feet west of west edge of station platform, 20 feet south of center 

of track, near telegraph pole; iron post stamped **2262 T '\ 2, 262. 666 

Milepost "W.213, H.33," 19 feet west of, 28 feet west of center of track; 

iron post stamped *'2251 T " 2, 251. 252 

Cocolalla, in iront of section house; base of rail 2, 220. 3 

Milepost." \V..218,. H.28," 250 feet northeast of, 18 feet north of railroad, 

southeast i)f whistling post; iron post stamped "2226 T " 2, 226. 419 

Algoma siding; top of east head block 2, 177. 4 

Milepost " W.224, 11.22," 390 feet southeast of, 25 feet south of raibx)ad track, 

at west end of cut; iron post stamped **2167 T" 2,167.277 

Sandpoint, in front of station; top of rail 2, 086. 4 
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Sandpoint, 83 feet southwest of Northern Pacific station, 6 feet north of 
Butler & Culver warehouse, west side of street, at edge of sidewalk, 62 
feet west of main track; iron post stamped "2087 T," restamped**2085" Feet 
when reset 2,085. 107 

Sandpoint, T. 57 N., R. 2 W., 32 feet northeast of Spokane International 
Railway section house; iron post stamped "2117 T" 2,117.498 

Sandpoint, in front of telegraph oflSce of Northern Pacific Railway station ; 
top of rail 2,119.4 

Albane Falls east and north along Great Nortliem Railway to S nlles northeast of 

Colbnrn. 

Priest River, in front of station; top of rail 2, 080. 4 

Priest River, 75 feet south by 167 feet east of water tank, 75 feet south of 

south rail; iron post stamped "2077 P. R." 2,082.394 

Markham, in southeast comer of sec. 20, T. 56 N., R. 3 W., 60 feet from 

front door of post office, inside yard; iron post stamped "2088 P. R.". . . 2, 093. 580 
T. 57 N., R. 3 W., SW. J sec. 26, in center of C. Carr's front yard, 100 feet 

from house; iron post stamped "2087 P. R." 2,091.959 

Colbum, 1.2 miles north of section house, northwest comer of T. 58 N., R. 1 

W., 1,700 feet northwest of railway track; iron post stamped "2127 P. R.*' 2, 133. 432 

ElMlra stdtnc to corner of Tpt. 69 and 00 K., Ss. 1 and 8 W. 

Elmira, 3.2 miles west of, northwest comer of T. 59 N., R. 1 W.; alumi- 
num tablet stamped "4031 P. R." 4,037.680 

Gary Ferry south and west to Medler Lake. 

T. 55 N., R. 4 W., sec. 33, 100 feet from Vogler's house, at north gatepost; 

iron poet stamped "2222 P. R." 2,227.625 

T. 54 N., Rs. 4 and 5 W., quarter comer between sees. 24 and 19, 900 feet 

south of road; iron poet stamped "2286 P. R." 2,291.060 

Priest Rtver northwest along road up West Branch. 

Terrells Falls, near east side of sec. 16, T. 57 N., R. 5 W., at east end of 
bridge across West Branch of Priest River, just below fctlls, about 600 
feet east of Terrell's house; iron post stamped "2289 P. R." 2, 294. 785 

T. 58 N., R. 5 W., SW. J sec. 27, at lower end of S. H. Moor's ranch, at 
west side and north end of bridge across small stream, about 400 feet 
from secti(Hi comer; iron post stamped "2411 P. R." 2, 416. 192 

Priest Hirer north along road to Priest Lake. 

Tps. 56 and 57 N., R. 4 W., on line between, 5 yards west of road; iron 

post stamped "2371" 2,376.053 

Tps. 57 and 58 N., R. 4 W., on line between, 5 yards west of road; iron 

post stamped "2405" 2; 410. 730 

Tps. 58 and 59 N., R. 4 W., on line between, 4 yards west of road; iron 

post stamped "2543" 2,548.002 

Coolin, northwest of northwest comer of fence, 15 yards from edge of lake; 

iron post stamped "2442" 2, 447. 102 

Priest Lake; surface of water, September, 1898 2, 439. 4 

Coolin, Aug. 29, 1905 2,438.9 

Coolin, 200 yards south of, triangulation station ; iron post 2, 446. 235 

Coolin to comer of Tps. 60 and 00 K., Rs. 4 and 6 W. 

Coolin, 2.5 miles northwest of, northwest comer of T. 59 N., R. 4 W., 
in rock; aluminum tablet stamped "2760" 2, 765. 854 
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Coolln to ooner of Tpi. 59 and 60 H., Rs. S and 4 W. 

Coolin, 3.8 miles northeast of, northwest comer of T. 59 N., R. 3 W., in Feet 
rock; aluminum tablet stamped "3852 P. R." 3,857.71$ 

Priest Lake road east to foathwest comer of T. 58 K., R. 8 W. 

T. 58 N., R. 3 W., southwest comer of, in rock; aluminum tablet stamped 

"3491 P. R.'* 3,496.W1 

Spur line from Korthem PacUko Railway to northweit comer of T. 56 K., R. 1 W. 

T. 56 N., R. 1 W., northwest comer of, 5.5 miles from Sandpoint and 
1.8 miles east of Northern Pacific Railway track; iron post stamped 
' * 3376 " 3, 381. 801 

Spnr line from Northern Padflc Railway to northweit comer of T. 54 K., R. 8 W. 

T. 54 N., R. 2 W., northwest comer of, 0.6 mile east of Northem Pacific 

Railway track; iron post stamped "2289" 2,294.001 

PEITD ORSILLB QUADRAKOLE. 

Sandpoint along Korthem Padflc Railway to Idaho>Montana boundary Une. 

Kootenai, 60 feet north of post office door; iron post stamped "2117 T " . . . 2, 116. 840 

Oden siding; top of east head block 2, 075. 2 

Milepost " W. 240, H. 6," 300 feet east of, on knoll, 30 feet south of center 

of track; iron post stamped "2079 T*' 2,078.951 

Hope, in front of telegraph office; top of rail 2, 078. 2 

Hope, 70 feet west of station, in lot between hotel and station, 20 feet 

north of center of track; iron post stamped "2080 T " 2, 079. 692 

Thomton, 225 feet southeast of station, east end of siding, 45 feet south 

of track at east end of cut; iron poet stamped "2103 T" 2,102.54$ 

Clark Fork, 90 feet east of milepost "H. 10, HLNA 288,'' at east comer 

of fence of railroad section house; iron post stamped "2081 T " 2, 081. 141 

Clark Fork, second crossing; surface of water 2, 062. 5 

Milepost "H. 15, HLNA 283," 0.2 mile east of, 15 feet north of track, 

opposite spur for loading logs; iron post stamped "2101 T " 2, 100. 403 

Cabinet, in front of section house; top of rail 2, 186. 4 

Idaho-Montana boundary line, at signboard 15 feet north of track; iron 

post stamped "2212 T" 2, 212. 182 

Point near Etanlra north yla Oreat Korthem Railway. 

Elmira, 1 mile north of, 50 feet east of track, 30 feet southeast of road 
crossing; iron post 2, 148. 53t 

BQinrXRS FERRY QUADRAKOLE. 

Point near McCarthy ildlnf north along Oreat Korthem Railway to Bonners Ferry. 

Milepost 1383, 135 feet south of, 40 feet southeact of track, in slope; iron post. 2, 104. 270 
Naples, 1,000 feet south of station, opporite milepost 1380, 65 feet east of 

track, 700 feet south of water tank ; iron post 2, 018. 337 

Naples, in northeast comer of northeaut foundation stone under water 

tank ; cross 2, 028. 212 

Bridge 211, 1,000 feet north of, 300 feet northwest of cut, 120 feet west of 

track, at fin.t telegraph pole south of milepont 1377 ; iron post 1, 955. 481 

Milepost 1374, opposite, 300 feet northeacit of tunnel 10, 150 feet weot of 

track on old roadbed , 100 fee t oouthwe.^t of road at Dunnes ranch ; iron poi3t . 1 , 834. 911 

Moravia, in front of ctation cign; top of wect rail 1, 849. 1 

Mirror Lake; surface of water, July 13, 1904 1, 763.9 
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Bonners Ferry, 2.5 miles southwest of, opposite milepoet 1371, 60 feet west Feet. 

of track, on east shore of Mirror Lake; iron post 1, 766. 663 

Bonners Ferry, in front of Great Northern Railway station; top of rail 1, 778. 8 

Bonneri Ferry ▼!& KootosAl Valloy Railway to Intematloiial boundary Una. 

Bonners Ferry, 0.5 mile east of, 30 feet northeast of railroad track where it 
enters a cut, south comer of town lot 18, block 1, near residence of Benj. 
Morrow; iron post 1, 786. 594 

Bonners Ferry, near Kootenai River, under bridge; smrfece of water. Mar. 
28,1904 1,748 

Bonners Ferry, 2.4 miles north of, at edge of right of way, 30 feet east of 
track, at north edge of small cleared flat at mouth of draw on sharp curve 
of track; iron post 1, 792. 204 

Bonners Ferry, 6 miles north of, 30 feet east of track, 150 feet north of 
Wrider's cabin, at fence; iron post 1, 789. 242 

Bonnerii Ferry, 9 miles north of Empy'-j house, at road crossing, 30 feet east 
of track, at edge of wagon road and at foot of rocky bank; iron poi^t 1, 788. 097 

Copeland, 5 miles south of, McRay's ranch, in front of house, 20 feet east of 
track, 50 feet north of small creek; iron post 1, 789. 484 

Copeland, 2.4 miles south of, 150 feet south of milepost 14, 30 feet east of 
track; iron post 1, 799. 751 

Copeland, 450 feet north of Cole's store, 40 feet east of track; iron poet 1, 788. 474 

Port Hill, 2.8 miles south of, on bank 30 feet east of track, 170 feet north 
of trestle 10 ; iron post 1, 783. 838 

Port Hill, in front of station; top of rail 1, 781. 7 

Port Hill, international boundary line, 4 feet wect of original stone monu- 
ment marking boundary, 60 feet eaot of railroad, east of Kootenai River; 
iron post 1, 797. 277 

CALISPEZX QUADRANOLE. 

Newport sonth to Medler Lake. 

Newi)ort, Washington-Idaho State line, comer of ^ecs. 24 and 25, T. 56 N., 

R. 6 W. ; iron pojt stamped "2128 P. R. ^' 2, 133. 281 

T. 54 N., R. 5 W., northwet^t comer of; iron poot stamped "2326 P. R.*' 2, 331. 843 

Priest Lake quadrangle. 

KOOTENAI COINTY. 

The following elevations are based on that of an iron post stamped 
•'2442 " near the edge of Priest Lake at Coolin, the accepted elevation 
of which is 2,447.102 feet. Water leveling was used in determining 
elevations at other points on the lake, and from these only single spur 
primary level lines were run and the elevations are therefore un- 
checked. The CooHn elevation is determined in part through primary 
circuits and in part by a single spur line in the Sandpoint quadrangle 
from the double Une from Tacoma, as published on page 521 of the 
appendix to the Twentieth Annual Report of the Geological Survey. 

The leveling was done in 1905 by A. L. Glover. 
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PRIEST LAKE QX7ADRAKOLE. 

Benoh marks near Reader Creek and Bear Creek. 

Feet. 

Priest Lake; surface of water, August 31, 1905 2, 438. 8 

Reeder Creek, about 1,000 feet north of mouth, 90 feet west of end of old 

Beeder Creek trail, 130 feet west of water's edge on top of first terrace, 7 

feet north of trail, 6 feet northwest of stump 10 inches in diameter and 50 

feet high, 300 feet north of only live fir and cedar trees in the vicijiity; 

iron post stamped **2468" , 2, 467. 999 

Bear Creek Bay, south side of, opposite mouth of Granite Creek, about 

halfway to end of point from mouth of Bear Creek, on east side of lake, 

at old camp, 50 feet south of water's edge, about middle of small sandy 

stretch of beach rocky at both ends, 10 feet north of blazed and marked 

24-inch pine tree; iron post stamped "2447 " 2, 446. 990 

Thoronskfare (watercoone between Lower and Upper Prieit lakes) nortk along Con- 
tinental mine trail to Continental mine. 

Thoroug^fcu-e, on east bank, at south end, 200 feet from water opposite en- 
trance, between two large blazed tamarack trees about 18 inches in di- 
ameter, one of which has top broken off — the only large trees on the end 
of bar — 10 feet from each tree; iron post stamped "2447 " 2, 447. 107 

Thoroughfare, 0.7 mile from south end of, on east bank, 15 feet from 
water, in root of 18-inch blazed tamarack tree; spike marked "2447 "... 2, 447. 08 

Thoroughfeire, 1.3 miles from south end of, north side of Caribou Creek, on 
end of point between entrance of Caribou Creek into Thoroughfare, 30 
feet east of Thoroughfare, 15 feet north of water's edge in Caribou Creek, in 
root of 10-inch pine tree; spike marked "2450" 2, 450. 01 

Thoroughfare, 2 miles from south end of, 40 feet west of water's edge, at 
foot of 30-inch cedar tree, in small stump 3 inches high and 4 inches in 
diameter, near tree blazed and marked "2455 " ; spike 2, 455. 41 

Thoroughfare, north end of, at south end of upper lake, 8 feet east of blazed 
and marked spruce tree 18 inches in diameter, 50 feet north of 24-iiich 
blazed pine tree, 75 feet east of water's edge, 20 feet east of edge of sand 
beach, 150 feet northeast of end of sand point; iron post stamped "2447 " . 2, 447. 004 

Upper Priest Lake; surface of water September 2, 1905 2, 438. 95 

Upper Priest Lake, at north end on east side, where the Continental mine 
trail reaches the shore of the lake, 50 feet east of water, 5 feet west of 
trail, 15 feet east of 10-inch cottonwood tree blazed and marked "2447"; 
iron post stamped "2447 " 2, 447. 025 

Continental mine, 10.3 miles south of, 1 foot east of trail, near dead 48-inch 
cedar tree, in stump; nail marked "2454 " 2, 453. 68 

Continental mine, 9.9 miles south of, 1 foot west of trail, in root of 24-inch 
cedar tree; spike marked "2489 " 2, 488. 78 

Continental mine, 9.4 miles south of, 10 feet west of trail, in root of 18-inch 
cedar tree; nail marked "2512" 2, 511. 81 

Continental mine, 8.9 miles south of, 12 feet east of trail, in root of 24-inch 
hemlock tree; nail marked "2487 " 2, 487. 22 

Continental mine, 8.2 miles south of, 20 feet east of trail, in root of dead 
12-inch stump 30 feet high; nail marked "2594 " 2, 594. 30 

Continental mine, 7.8 miles south of, 4 feet west of trail, in root of 24-inch 
cedar tree; nail marked "2620" 2, 620. 36 
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Continental mine, 7.4 milee south of, 3 feet east of trail, in root of 30-inch Feet, 
hemlock tree; nail marked "2638 " 2, 638. 27 

Continental mine, 6.8 miles south of, 15 feet east of trail, in root of 30-inch 
cedar tree; nail marked **2664" 2, 664. 31 

Continental mine, 6.5 miles south of, 4 feet west of trail, in root of 12-inch 
hemlock tree; nail marked "2676 " 2, 676. 34 

Continental mine, 5.8 miles south of, 4 feet east of trail, in root of 36-inch 
cedar tree; nail marked "2705" 2, 704. 82 

Continental mine, 5.1 miles south of, short distance east of mouth of Cedar 
Creek, 1 foot above and 2 feet east of trail to Continental mine, 10 feet 
northwest of blazed and marked 18-inch cedar tree 4 feet west of trail, on 
top of small hill over the end of which the trail passes, in 3 foot granite 
rock; aluminum tablet stamped "2736" 2,735.990 

Continental mine, 4.8 miles south of, west edge of trail, in root of 18-inch 
hemlock tree; nail marked "2873" 2,872.84 

Continental mine, 4.4 miles south of, 6 feet east of trail, in root of 30-inch 
cedar tree; nail marked "2913" 2, 913. 15 

Continental mine, 4.1 miles south of, 15 feet east of trail, in root of 30-inch 
hemlock tree; nail naarked "2950" 2,950.44 

Continental mine, 3.7 miles south of, 15 feet southeast of trail, about 200 
yards south of first cabin on Cedar Creek where trail crosses, in root of 42- 
inch hemlock tree; nail marked "3079" 3,079. 23 

Continental mine, 3.4 miles south of; surface of water in Cedar Creek at trail 
crossing, September 17, 1905; elevation marked on 24-inch cedar log 
across stream 4 feet above water, 30 feet northeast of trail crossing and 75 
feet south of cabin 3, 089. 7 

Continental mine, 3.4 miles south of, 100 feet north of creek, 15 feet west of 
northwest comer of cabin at trail crossing Cedar Creek, 1 foot east of trail, 
in root of 48-inch cedar tree; nail marked "3115 " 3, 114. 77 

Continental mine, 3 miles south of, 2 feet south of second cabin on trail, 7 
feet east of southeast comer of house, side of house marked "3381"; 
marked point on rock 3, 381. 22 

Continental mine, 2.6 miles south of, south edge of trail, on top of first high 
point crossed by trail, above second cabin on trail, in root of 4-inch birch 
tree; nail marked "3705" 3,706.44 

Continental mine, 2.2 miles south of, 10 feet north of trail, 50 feet northwest 
of small creek just before reaching C«dar Creek, where trail crosees at 
lowest place trail strikes, in root of 30-inch cedar tree; nail marked 
"3693" 3, 692. 87 

Continental mine, 1.8 miles south of, 200 feet north of Cedar Creek, 20 feet 
south of trail, 2 feet southeast of stream 1 foot wide, 100 feet south of large 
stream, both crossed by trail which then runs parallel to Cedar Creek, in 
root of 48-inch hemlock tree; nail marked "3920" 3, 919. 59 

Continental mine, 1.77 miles south of, on trail, 1,000 feet south third cabin 
up trail, near 12-inch hemlock tree 5 feet north of trail, in a 5-foot granite 
rock 2 feet above ground ; aluminum tablet stamped "3932 " 3, 932. 065 

Continental mine, 1.6 miles south of, east edge of trail, near 24-inch dead 
burnt fir tree marked "4058," 400 feet south of cabin; marked point on 
rock 4,058.07 

Continental mine, 1.5 miles south of, at southeast comer of cabin, in log, 
nail; marked on cabin "4176 4, 175.66 

Continental mine, 1.1 miles south of, 2 feet east of trail, near point where 
trail crosses gulch below Dark Horse mine; point on rock marked "4773" . 4, 773. 12 
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Continental mine, 0.8 mile south of, 5 feet east of trail, 6 feet north and 50 
feet south of point where trail crosses second draw below Dark Horse Feet, 
mine; point on rock marked "4989" 4,989. 18 

Continental mine, 0.7 mile south of, 12 feet east of trail; point on rock 
marked "5167" 5,166.92 

Continental mine, 400 feet south of shaft house, on outcropping rock above 
rock pile above slide; marked point on rock 5, 774. 26 

Continental mine, 400 feet east of shaft house, near top of moimd in center 
of upper saddle in ridge between Cedar Creek and Blue Joe Creek, stump 
12 inches in diameter blazed and marked on all four sides; nail marked 
"5850" 5,850 

Continental mine, 6 feet north of trail from Continental boarding house to 
Continental shaft house, at top of ridge between Cedar Creek and Blue 
Joe Creek, in solid rock outcrop; aluminum tablet stamped "5890" 5, 890. 001 
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GEOLOGICAL SURVEY BENCH MARKS. 

A, Tablet used in cooperating States. The State name is inserted at G. 

B and I), Copper temporary bench mark, consisting of a nail and copper washer. 

A, C. and /', Tablets for stone or concrete structures. 

/', Iron post used where there is no rock. 
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RESULTS OF SPIRIT LEVELING IN NEVADA, 1897 TO 

1909, INCLUSIVE. 



R. B. Marshall, Chief Geographer. 



INTRODUCTION. 

Scope of the work, — All results of spirit leveling in Nevada pre- 
viously published by the United States Geological Survey and all the 
results of later work are included in this report, rearranged by 
quadrangles. The elevations are based on preliminary heights of 
bench marks along the precise level line of the Coast and Geodetic 
Survey from San Diego via Barstow and Goffs, Cal., to Ogden, 
Utah, and on the precise line of the United States Geological Survey 
from Mohave, Cal., to lida, Nev. 

Personnel. — The field work previous to 1903 was done under the 
general direction of R. U. Goode, geographer; that for 1903 to 1906, 
inclusive, under E. M. Douglas, geographer; that for 1907 under 
R. B. Marshall, geographer; and the later work under T. G. Gerdine, 
geographer, under the general direction of R. B. Marshall, chief 
geographer. The names of the various levelmen are given in the 
introduction to each list. The office work of computation, adjust- 
ment, and preparation of lists was done mainly by S. S. Gannett, 
geographer, and D. H. Baldwin, topographer, and since 1907 under 
the general direction of E. M. Douglas, geographer. 

Classification. — The elevations are classified as precise or primary 
according to the methods employed in their determination. For 
precise level lines instruments and rods of the highest grade are used, 
each line is run both forward and backward, and every precaution is 
taken to guard against error. The allowable divergence between the 
forward and the backward lines in feet is represented by the formula 
0.017 JD, in which D is the distance in miles between bench marks. 
For pnmary lines standard Y levels are used; lines are run in cir- 
cuits or are closed on precise lines, with an allowable closing error in 
feet represented by 0.05 .^, in which D is the length of the circuit 
in miles, sufficient care being given to the work to maintain tliis 

5 
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6 SPIRIT LEVELING IN UTAH, 1897 TO 1910. 

is not available, consists of a hollow wrought-iron post 3.5 inches in 
outer diameter and 4 feet in length. The bottom is spread out (o a 
width of 10 inches, in order to give a firm bearing on the earth. A 
bronze or aluminum-bronze cap is riveted over the top of the post, 
which is set about 3 feet in the ground. A third style of bench 
mark with abbreviated lettering (B and i?, PI. I), is used for unim- 
portant points. This consists of a special copper nail 1.5 inches in 
length driven through a copper washer seven-eighths inch in diameter. 
The tablets, as well as the caps on the iron posts, are appropriately 
lettered, and State cooperation is indicated by the addition of the 
State name ((?, PI. I). 

The numbers stamped on the bench marks described in the fol- 
lowing pages represent the elevations to the nearest foot as determined 
by the levelman. These numbers are stamped with ^^inch steel 
dies on the tablets or post caps, to the left of the word *'feet." The 
office adjustment of the notes and the reduction to mean sea-level 
datum may so change some of the figures that the original markings 
are 1 or 2 feet in error. It is assumed that engineers and others who 
have occasion to use the bench-mark elevations will apply to the 
Director of the United States Geological Survey, at Washington, D. C, 
for the adjusted values, and will use the markings as identification 
numbers only. 

Datum, — ^All United States Geological Survey elevations are referred 
to mean sea level, which is the level that the sea would assume if the 
influence of winds and tides were eliminated. This level is not the 
elevation determined from the mean of the liighest and tlie lowest 
tides, nor is it tlie half sum of the mean of all the high tides and the 
mean of all the low tides, which is called the half-tide level. Mean sea 
level is the average height of the watery all stages of the tide being con- 
sidered. It is determined from observations made by means of tidal 
gages placed at stations where local conditions, such as long, narrow 
bays, rivers, and like features, wall not affect the height of the water. 
To obtain even approximately correct results these observations must 
extend over at least one lunar month, and if accuracy is desired they 
must extend over several years. At ocean stations the half-tide level 
and the mean sea level usually differ but little. It is assumed that 
there is no difference between the mean sea level as determined from 
observations in the Atlantic Ocean, the Gulf of Mexico, or the 
Pacific Ocean. 

The connection with tidal stations for bench marks in certain areas 
that lie at some distance from the seacoast is still uncertain, and this 
fact is indicated by the addition of a letter or word to the right of the 
word ^' datum" on tablets or posts. For such areas corrections for 
published results will be made from time to time as the precise-level 
lines of the United States Geological Survey or other Government 
organizations are extended. 
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Topographic maps, — ^Maps of the following quadrangles, wholly or 
partly in Utah, have been published by the United States Geological 
Survey up to June 9, 1911. They may be obtained, for 5 cents each 
or $3 a hundred, on application to the Director of the Survey, at 
Washington, D. C. 



Abajo (Utah-Colorado). 

Ashley (Utah-Colorado). » 

Beaver. 

Bingham mining. 

Coalville (Utah-Wyoming).^ 

Cottonwood special. 

EaPt Tavaputfl (Utah-Colorado). 

Escalante. 

Fish Lake. 

Fish Springs. 

Frisco special. 

Gilbert Peak (Utah- Wyoming). 

Hay den Peak (Utah- Wyoming).* 

Henry Mountains. 

Iron Springs special. 

Jen.sen (Utah-Colorado). 



Kanab. 

La Sal (Utah-Colorado). 

Manti. 

Marsh Peak (Utah- Wyoming).* 

Park City special. 

Pioche ( Ne vad a-U tali) . 

Price River. 

St. George. 

Salt Lake.2 

San Rafael. 

Sevier Desert. 

Strawberry Valley.^ 

Tintic mining. 

Tintic special. 

Tooele Valley. 

Uinta.' 



PRIMARY LEVELING* 

Bandolph and Salerat^s Pass quadrangles. 
RICH COUNTY. 

The elevations in the following list are part of the leveling in 1909 
in Idaho, Utah, and Wyoming, and are based on a bench mark of tlie 
Coast and Geodetic Survey, near Onyx, Bannock County, Idalio, 
described as^ follows: '^Onyx, 1 mile north of, near signboard '1 
mile to Onyx,' west of third telegraph pole south of milepost 197, 
west of track, 24 feet west of right of way fence, r?d sandstone post 
6 feet long. by 6 inches square, set in ground; bottom of square liole 
cut in top, marked ^'U. S. D C. S.'* The elevation of tliis 
bench mark is accepted as 4,619.392 feet above mean sea level. 
From Onyx the hne was run over the Oregon Short Line R. R. to a 
point 3.5 miles south of Montpelier, thence south by road via Lake- 
town and Randolph, Utah, to Evanston, Wyo., closing on the Coast 
and Geodetic Survey bench mark at that point. 

The leveUng was done in 1909 by L. F. Biggs, with the exception 
of two bench marks in the Saleratus Pass quadrangle set by E. W. 
Hills in 1897. The closure errors of this Une and circuits are exces- 
sive. . H 

Additional elevations will be found in the Wyoming hsts for feMe 
Randolph and Saleratus Pass quadrangles. / ;*'^ 

1 Marsh Peak sheet shows part of Ashley quadrangle on larger scale. - i ) )e r.'f 

* Coalville and Strawberry Valley sheets show parts of Salt Lake quadrangle on larf^^t s^^l^OL'9 *' 

* Ciilbert Peak and Hayden Peak sheets show parts of Uinta quadrangle on larger seale. 
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8 SPIBIT LEVELING IN UTAH, 1897 TO 1910. 

RAJTDOLPH QXrADRAJrOLE.1 
Pofait aear Soatb Eden soath along road via Laketown and Bandolph to Woodmlf . 

South Eden, 1.6 miles north of, cast side of road, on bowlder; painted Feet. 

"5937 B. M. 79;" chisel point 5,938.07 

South Eden, 700 feet north of house, northeast comer of corral, west side of 

road; iron post stamped ''5983 B 1909 CI" 5. 984. 539 

South Eden, 2.1 miles south of, east side of road, north end of steep grade, 

100 feet south of old road down to lake, on bowlder painted *'5940 B. M. 

82;" chisel point 5. 941. 54 

Laketown, 4 miles north of, north end of grove of poplar trees, opposite 

mouth of canyon, east edge of road, 25 feet east of lake; iron post stamped 

' ' 5929 B 1909 D 1 " 5, 930. 350 

Laketown, 1.7 miles north of, fifth tree from north end of row of poplar trees, 

opposite log dam, in base of 30-inch poplar tree; spike; with aluminum 

tag stamped ''5946 B. M. 85" 5, 947. 91 

Laketown, northeast comer of Irwin's brick store, 4 feet above ground; 

aluminum tablet stamped "5988 B 1909 E 1" 5.989.979 

Laketown, 2.7 miles south of, 1,000 feet east of creek where road makes sharp 

turn to east, south side of road, on bowlder painted "6336 B. M. 88;" 

chisel point 6,341. 18 

Laketown, 6.4 miles south of, east side of road, 150 feet north of forks of road 

on summit of ridge between Laketown and Randolph; iron post stamped 

"7129 B 1909 Fl" 7,130.727 

Laketown, 8.6 miles south of, 6.3 miles north of Randolph, west side of road. 

opposite thrt»e small bold hills, on bowlder painted "6586 B. M. 92f ' 

chisel point 6, 587. 74 

Randolph, 5.7 miles north of, 600 fe<»t south of Middle Fork of Otter Creek, 

50 fe< t west of spring, west side of n)a(i; iron post stamped "6504 B 1909 

Gl"...' 6,505.809 

Randolph, 4 miles north of, south bank of South Fork of Otter Creek, 10 feet 

west of road, on bowlder paintt d "6487 B. M. 93;" chisel point 6, 489. 03 

Randolph, 2.2 miles north of, northeast comer of field, at intersection of 

Logan-Randolph roads; iron post stamped "6407 B 1909 H 1" , 6,409.449 

Randolph, northeast comer of brick schoolhouae. 3 feet above ground; 

aluminum tablet stamped "6286 B 1909 I" 6. 288. 042 

Randolph, 3.2 miles south of, east side of road, southwest comer of field 

belonging to Mrs. Mark Kennedy, north bank of irrigation ditch; iron 

post stamped " 6265 B 1909 2" 6, 267. 190 

Woodruff, 4.3 miles north of, 6.3 mil s south of Randolph, on small rise, 

1,500 feet northwest of log cabin, opposite braced telephone pole; iron 

post stamped " 6302 B 1909 3 " 6, 305. 139 

Woodruff, northeast comer of brick schoolhouse, 4 feet above ground; 

aluminum tablet stamped "6342 B 1J)09 4" 6,343.884 

Randolph northeast to fork of road 11.6 miles southwest of CokevUle, Wyo. 

Randolph, 3.1 miles north of, 500 fec^t south of D. J. Jackson's ranch house, 
150 feet north of lane, t^ast edge of road; iron post stamped "6255 B 
1909 11" 6,257.296 

Randolph, 6.1 miles north of, 300 feet north of gate to Ed. Porters's ranch 

«)}J()u^, (ast edge of road, at fence line; iron post stamped "6287 B 
1 909 12" 6, 289 . 00 1 

Randolph^ 8.1 miles north of, at junction of Sage-Cokeville road, 250 feet 
west of Sage Creek schoolhouse, west edge of road; iron post stamped 
"6256i.B^1909 13" 6, 257. 763 

1 For additional elevatioos in ttiis quadrangle see the Wyoming list. 
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Sage Creek schoolhouse, 3.2 miles north of, east edge of road at northeast Feet, 
comer of field fence; iron poet stamped "6237 B 190914" 6,238.400 

Sage Creek schoolhouse, 4.3 miles north of, 1 mile south of Sixmile Creek, 
15 feet east of road, on bowlder painted '*6234 B. M. 125;*' chisel point. 6, 235.41 

Sixmile Creek, 0.5 mile north of, east edge of road, on fence Une, where 
road turns around point of hill; iron post stamped "6214 B 1909 15" 6, 216. 108 

Sixmile Creek, 3.5 miles north of, 0.3 mile north of second-class road through 
Beckwith ranch, at junction of Cokeville and South Eden roads, 20 feet 
east of road; iron post stamped "6221 B 1909 16" 6,222.997 

Sixmile Creek, 6.6 miles north of, 3.4 miles north of second-class road 
through Beckwith ranch, 3 miles north of junction of South Eden and 
Cokeville roads, 20 feet east of road, 1,700 feet south of junction of road 
leading west; inm post stamped "6220 B 1909 17" 6,221.931 

SAT.KRATXrS PASS QXTADRAJrOLE.i 
Point near Woodmff gontheait along road to Eranston. W70. 

Woodruff, 3.8 miles southeast of, east end of lane, east end of marsh, at 
junction of road south, northeast comer of field; iron post stamp>ed 
"6305 B 1909 5" 6,307.108 

Woodruff, 6.9 miles southeast of, east side of road, on summit of rise, 2 mile^ 
north of small lake; iron post stamped "6353 B 1909 6" 6,355.537 

Woodmff, 8.9 miles southeast of, 150 feet east of small lake, opposite rocky 
point, on bowlder painted "6440 B. M. 110;" chisel point 6, 442. 35 

Woodmff, 9.6 miles southeast of, 150 feet south of junction of road east, 1 
mile south of lake, 50 feet west of road; iron post stamped "6464 B 
1909 7" 6,466.136 

Woodmff, 12.5 miles southeast of, 10 miles northeast of Evanston, east side 
of road, 1,500 feet south of log hous», 150 feet west of irrigation ditch; 
iron post stamped * ' 6574 B 1 909 8 " 6, 577. 042 

' Point 18.5 miles soath of Evanston, W70.. northwest 8.25 miles. 

Evanston, 13.5 miles south of, 5 feet from wagon roa<l, 200 yards west of sheep 
bridge and ford across Yellow Creek, 100 feet south of road fork; iron 
post stamped " 7009 EVAN " 7, 009. 906 

Evanston, 10.25 miles southwest of, 20 feet northwest of northwest comer 
of Wright's ranch house, west of Yellow CVeek, 0.5 mile west of south 
group of Needle Rocks; iron post stamped " 6892 EVAN " 6. 892. 731 

Desert Lake, Moab, Mount Bartles, Mount Waas, Nephi, Price, Provo, Scofleld, 
Tidwell, Westwater, and Woodside quadrangles. 

CARBON, EMERY, HALT LAKE, 1 TAH, AND WASATCH COINTIES. 

The elevations in the following list were determined by a double 
line of primary leveling and constitute the Utah portion of the results 
of a line extended from Salt Lake, Utah, along the Denver & Rio 
Grande R. R. to Grand Junction, Colo. Corrections have been ap- 
plied as in precise leveling, including orthometric corrections and 
adjustment of closure error of about 1 foot. The elevations adopted 
at Salt Lake and Grand Junction are in accordance with preliminary 
values by the Coast and Geodetic Survey for 1911. The results of a 
single unchecked primary line through the Harper, Desert Lake, and 

» For additional elevations in this quadrangle see the Emory quadrangle list, Wyoming. 
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10 SPIRIT LEVELINO IN UTAH, 1897 TO 1010. 

Price quadrangles are also included in this list. The same corrections 
which were applied to the double line have also been applied to this 
line. 

The leveling was done in 1910 by L. F. Biggs. 

PKOVO QTTADRAVOLB^ 
Btferton lonth along Desfer Sb &Io Orande R. R. to Thlitle. 

Riyerton, 2.5 miles south of, in base df milepoet 56; spike with ahiminum Feet. 

tag stamped "4434" 4,434.632 

Oliver, in front of station; top of east rail 4, 450. 2 

Riverton, 3.5 miles south of, in base of milepost 57; spike with aluminum 

tag stamped "4449*^ 4,449.662 

Riverton, 4.5 miles south of, in base of milepost 58; spike with aluminum 

tag stamped* '4443" 4,443.291 

Riverton, 5.5 miles south of, in base of milepost 59; spike with aluminum 

tag stamped* '4464" 4,464.146 

Graven, in front of station; top of east rail 4, 473. 3 

Riverton, 6.5 miles south of, southeast comer of concrete bridge over Jordan 

River, 6 feet east of railroad track, opposite intake of canal; aluminum 

tablet stamped ' '4489-6' ' 4, 488. 9(>8 

Riverton, 7.5 miles south of, in base of milepost 61; spike with aluminum 

tag stamped "4521" 4,521.134 

I^i, 3 miles north of, in base of milepost 62; spike with aluminum tag 

stamped "4543" 4,543.723 

Lehi, 2 miles north of, in base of milepost 63; spike with aluminum tag 

stamped "4542" 4,542.167 

Lehi, 1 mile north of, in base of milepoet 64; spike witli aluminum tag 

stamped "4543" 4,543.804 

Lehi, opposite ticket office; in floor of platform, spike 4, 552. 625 

Lehi, east face of schoolhouse, south side of main entrance, 4 feet above 

ground, in cement ; aluminum tablet stamped * '4560-7" 4, 561. 083 

Lehi, 1 mile south of, in base of signpost "Station 1 mile;" spike with 

aluminum tag stamped "4526" 4,526.881 

Lehi, 2.5 miles south of, in base of milepost 67; spike with aluminum tag 

stamped "4523" 4,524.076 

Lehi, 3.5 miles south of, in base of milepost 68; spike with aluminum tag 

stamped "4558" 4,558.867 

American Fork, 200 feet south of station, 50 feet north of road crossing, 10 

feet east of track, south side of concrete culvert of irrigation ditch; 

aluminum tablet stamped "4565-8" 4,565.295 

American Fork, in front of station; top of east rail 4, 565. 5 * 

American Fork, 0.5 mile south of, in base of milepost 69; spike with alumi- 
num tag stamped ' '4550" 4, 550. 958 

American Fork, 1 .5 miles south of, in base of milepost 70; spike with alumi- 
num tag stamped ' '4514 " 4, 514. 907 

American Fork, 2.5 miles south of, in base of milepost 71; spike with alumi- 
num tag stamped ' '4495 " 4, 495. 920 

Geneva, west edge of railroad grade, southwest comer of concrete abutment 

706A, 50 feet east of mouth of small creek 150 feet south of section house; 

aluminum tablet stamped ' '4496-9' ' 4, 496. 521 

Utah Lake, surface of water, July 20, 1010, 11 a. m 4, 488. 4 

Geneva, 1.2 miles south of, in base of milepost 73; spike with ahiminum 

tag stamped "4525" 4,525.732^ 
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PRIMARY LEVELING. 11 

Geneva, 2.2 miles south of, in base of milepost 74; spike with aluminum Feet. 

tag: stamped* '4536" 4,536.664 

Geneva, 3.2 miles south of, in base of milepost 75; spike with aluminum 

tag stamped "4544" 4,544.196 

Geneva, 4.2 miles south of, in base of milepost 76; spike witii aluminum 

tag stamped **4544" 4,544.217 

Geneva, 5.2 miles south of, in base of milepost 77; spike with aluminum 

tag stamped **4546" 4,547.097 

Lakota, 1,100 feet south of station signpost, 50 feet east of railroad right of 

way, southwest comer of concrete bridge over irrigation canal; aluminum 

tablet stamped ' 4551-11' ' 4, 551. 982 

Provo, 3.4 miles north of, in base of milepost 78; spike with aluminum tag 

stamped "4548" 4,548.721 

Provo, 2.4 miles north of, in base of milepost 79; spike with aluminum tag 

stamped "4541" 4,54L254 

Provo, 1.4 miles north of, in base of milepost 80; spike with aluminum tag • 

stamped * *4528' ' ' 4, 528. 909 

Provo, 0.4 mile north of, in base of milepost 81; spike with aluminum tag 

stamped "4519" 4,519.710 

Provo, 200 feet north of Denver & Rio Grande R. R. station, southwest 

comer of Z. C. M. I. building, 4 feet above ground, in brick wall; alumi- 
num tablet stamped "4520-12" 4,520.841 

Provo, west face of post office building, 3 feet south of main entrance, on 

top of coping above basement window; aluminum tablet stamped 

"4552-13" 4,552.430 

Provo, 0.7 mile south of, in base of milepost 82; spike with aluminum tag 

stamped "4517" '.: 4,518.012 

Provo, 1.7 miles south of, in ba.se of milepost 83; spike with aluminum tag 

stamped "4506" 4,507.235 

Provo, 2.7 miles south of, in base of milepost 84; spike with aluminum tag 

stamped "4498" 4,498.779 

Springville, 1.7 miles north of, northwest comer of concrete abutment of 

bridge 603A; aluminum tablet stamped * *4503-14' ' 4, 504. 156 

Springville, 1.4 miles north of, in base of milepost 86; spike with aluminum 

tag stamped "4547" 4,548.269 

Springville, west face of Denver & Rio Grande R. R. station, 5 feet from 

entrance to waiting room, 4 feet above ground; aluminum tablet stamped 

"4561-15" 4,56L793 

Springville, 0.6 mile south of, in base of milepost 87; spike with aluminum 

' tag stamped "4576" 4,576.560 

Springville, 1.6 miles south of, in base of milepost 88; spike with aluminum 

tag stamped "4628" 4,629.155 

Springville, 2.6 miles south of, in base of milepost 89; spike with aluminum 

tag stamped "4679" 4,679.605 

Springville, 3.6 miles south of, in base of milepost 90; spike with aluminum 

tag stamped * '4712' ' 4, 712. 817 

Mapleton, opposite station; top of east rail 4, 729. 2 

Mapleton, 2,000 feet south of station, 650 feet southeast of milepost 91, 5 feet 

north of large field gate, at road crossing, east edge of railroad right of way, 

in sandstone monument 5 by 6 inches buried 3 feet in ground; aluminum 

tablet stamped "4739-16" 4,739.831 

Milepost 92, in base of, 150 feet north of signpost "Station 1 mile," spike 

with aluminum tag stamped *'4775" 4, 775. 338 

Mapleton, 2 miles south of, in base of milepost 93, spike with aluminum tag 

stamped **4815" 4,815.496 
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Mapleton, 3 n^iles south of, in baee of milepost 94; spike with aluminum tag Feet, 
stamped 'M818" 4,818.563 

Mapleton, 4 miles south of, east end of Reclamation Service dam of Straw- 
berry Valley project; aluminum tablet stamped "4858-17 " 4, 858. 524 

Castello Springs, 0.6 mile north of, in base of milepost 97; spike with alumi- 
num tag stamped *M896" , 4,896.740 

Castello Springs, west face of hotel, east side of main entrance, 4 feet above 
ground; aluminum tablet stamped "4918-18" 4, 914.9a5 

Castello Springs, 0.5 mile south of, northwest comer of steel railroad bridge 
679, on stone abutment painted "4928; " chisel point 4, 929. 267 

Castello Springs, 1.5 miles south of, in base of milepost 99; spike with alu- 
minum tag stamped "4947" 4, 947. 511 

Thistle, 1.4 miles north of, in base of milepost 100; spike with aluminum 
tag stamped "4978" 4, 978. 580 

NXPHI QTTADRAVOLS. 
B^Boh mark! eitablished n—i Thlftle. 

Thistle, 0.4 mile north of, in base of first telephone p>ole north of milepK)st 

101; spike withaluminum tag stamped "5026" 5, 027. 163 

Thistle, 1,100 feet south of station, 10 feet east of main-line track, east end of 
north abutment of bridge 676; aluminum tablet stamped "5041-19 " 5, 042. 121 

Thistle, 400 feet north of schoolhouse, 100 feet south of railroad right of way, 

near public road in rock ledge; aluminum tablet stamped "5050" 5, 051. 127 

SCOFISLD QTTAOBANOLS. 
Thlftle lontheaBt along Devrer Sc Rio Oraade R. K. to Colton. 

Thistle, 0.4 mile southeast of, in base of milepost 102; spike with aluminum 

tag stamped "5061" 5,062.679 

Thistle, 1.4 miles southeast of, in base of milep>ost 103; spike with aluminum 

tag stamped "5117" 5,118.168 

Thistle, 2 miles southeast of, 1,800 feet north of milepost 104, southeast 

comer of concrete abutment of railroad bridge 674; aluminum tablet 

stamped "5151-20" 5,151.594 

Thistle, 3.4 miles south of, in base of milepost 105; spike with aluminum 

tag stamped "5235" 5,236.a55 

Thistle, 4.4 miles southeast of, in base of milepost 106; spike with aluminum 

tag stamped ' ' 5304 " 5. 304. 678 

Thistle, 5.1 miles southeast of, 1,400 feet north of milepost 107, at road 

crossing; top of east rail 5, 372. 7 

Thistle, 5.4 miles southeast of, in base of milef>ost 107 ; spike with aluminum 

tag stamped "5403" 5.404.036 

Narrows, 250 feet north of station signpost, 10 feet east of east track, in 

large bowlder; aluminum tablet stamped ' * 5498,-21 " 5, 499. 075 

Narrows, 1 mile southeast of, in base of milepost 109; spike with aluminum 

tag stamped "5596" 5,597.:^2 

Narrows, 2 miles southeast of, in base of milepost 110; spike with aluminum 

tag stamped "5661" 5,662.133 

Narrows, 3 miles southeast of, in base of milepost 111; spike with aluminum 

tag stamped "5698" 5.698.605 

Narrows, 4 miles southeast of, in base of milepost 112; spike with aluminum 

tag stamped "5749" 5,750.578 

Mill Fork, 150 feet north of station, west side of water tower, center one of 

three supports of tank, in stone cap; aluminum tablet stamped * * 5803,-23 " 5, 804. 581 
Mill Fork, 1.5 miles southeast of, in base of milepost 114; spike with alumi- 
num tag stamped "5898" 5,899. 635 
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Mill Fork, 2.5 mileH southea^it of, in base of milepoBt 115; spike with alu- Feet, 
minum tag sUmped "5955" 5,955.768 

Mill Fork, 3.5 miles southeast of, 0.2 mile north of milepoet 116, east edge of 
railroad right of way, west edge of wagon road, in large bowlder; alumi- 
num tabletstamped "6014,-24" 6, 015. 496 

Mill Fork, 4.5 miles southeast of, in base of milepoet 117; spike with alumi- 
num tag stamped ''6073" 6,073. 838 

Milepost 118, in base of; spike with aluminum tag stamped '*6132" 6, 133. 308 

Tucker, 0.7 mile northwest of, in base of milepost 119; spike with aluminum 

tag stamped "6183" 6,183.967 

Tucker, 1,000 feet south of station, 150 feet east of roundhouse, southeast 
comer of concrete retaining wall of railroad bridge A658; aluminum 
tablet stamped "6228,-25" 6, 229. 206 

Tucker, 1 mile southeast of, 300 feet northwest of milepost 121, in base of 
signpost "Station 1 mile"; spike with aluminum tag stamped "6438".. 6,433. 938 

Tucker, 2 miles southeast of, in base of milepost 122; spike with aluminum 
tag stamped "6649" .-... 6,645.213 

Media, 150 feet south of station, east edge of right of way, 10 feet above sur- 
face of track, in sandstone ledge; aluminum tablet stamped "6933,-26" 6,928. 612 

Media, 0.7 mile southeast of, in base of milepost 124; spike with aluminum 

tag stamped "7044" 7,040.061 

Soldier Summit, 1.6 miles north of, in base of milepoet 125; spike with 
aluminum tag stamped "7249" 7,245.011 

Soldier Sunmiit, 100 feet north of station, 50 feet east of south end of snow 
sheds, east edge of right of way, in large bowlder in fence comer; 
aluminum tabletstamped "7467-27 " 7,463. 210 

Soldier Summit, 0.5 mile southeast of, in base of milepost 127; spike with 
aluminum tag stamped "7446 " 7, 442. 378 

Soldier Summit, 1.5 miles southeast of, in base of milepoet 128, spike with 
aluminum tag stamped "7397 " 7, 393. 686 

Soldier Summit, 2.5 miles southeast of, in base of milepoet 129; spike with 
aluminum tag stamped "7347" 7,342.840 

Colton, 3.3 miles west of, 500 feet south of milepost 130, in base of telephone 
pole; Hpike with aluminum tag stamped "7295" 7, 291. 356 

Colton, 2.5 miles northwest of, 500 feet west of milepost 131, south edge of 
railroad concrete culvert over drain; aluminum tabletstamped "7248,-28'* 7, 244. 193 

Colton, 1.5 miles northwest of, in base of milepoet 132; spike with aluminum 
tag stamped " 7215 " 7, 211. 643 

C'olton, 0.5 mile northwest of, in base of milep>oet 133; spike with aluminum 
tag stamped "7186" 7,182.238 

Colton, south face of public schoolhouse, 4 feet above ground, 3 feet west of 
main entrance; aluminum tabletstamped "7192,-29" 7, 187. 875 

PRICE QITADRANOLB. 
Colton lontheait along Denver Sc Rio Orande R. R. to point 1.7 mllei lonth of Famham. 

Colton, 1.7 miles southeast of , in base of milepost 135; spike with aluminum 

tag stamped "7136" 7,132.538 

Colton," 2.7 miles southeast of, 10 feet west of milepoet 137, east edge of 
track, concrete culvert over drain; aluminum tabletstamped "7100,-30". 7, 096. 467 

Colton, 3.7 miles southeast of, in base of fourth telephone pole east of mile- 
post 138; gpike with aluminum tag stamped "7054" 7,050.482 

Kyune, in base of milepost 139; spike with aluminum tag stamped "7029 " . 7, 019. 068 

Kyune, 200 ieet south of telegraph office, in north abutment of bridge 638B; 
aluminum tabletstamped "7012,-31" 7,014.024 
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Kyune, 0.8 mile south of, in base of milepost 140; spike with aluminum Feet. 

tag stamped "6947" 6,948.964 

Kyune, 1.8 miles south of, 50 feet south of milepost 141, in base of whistling 

post; spike with aluminum tag stamped *'6848" 6,850.013 

Castle Gate, 5 miles north of, in base of milepoet 142; spike with aluminum 

tag stamped "6747" 6,748.771 

Castle Gate, 4 miles north of, in base of milepost 143; spike with aluminum 

tag stamped "6639" 6,641.112 

Castle Gate, 3 miles southeast of milepost 144, 50 feet east of track, in 

bowlder; aluminum tablet stamped "6519,-32" 6,521.745 

Castle Gate, 2 miles north of, in base of milepost 145; spike with aluminum 

tag stamped "6398" 6,399.927 

Castle Gate, 1 mile north of, in base of milepost 146; spike with aluminum 

tag stamped "6279" 6,280.737 

Castle Gate, 0.3 mile north of depot, 200 feet south of bridge, 10 feet east of 

switch signal, in large bowlder; aluminum tablet stamped "6146,-33". . 6, 147. 922 
Castle Gate, 200 feet north of station, at base of water plug; top of bolt head . 6, 1 12. 408 
Castle Gate, 1.3 miles southeast of, in base of milepost 149; spike with 

aluminum tag stamped "6007" 6, 009. 701 

Castle Gate, 2.3 miles southeast of, in base of milepost 150; spike with 

aluminum tag stamped * ' 5934 " 5, 936. 745 

Castle Gate, 3.3 miles southeast of, in base of milepost 151; spike with 

aluminum tag stamped "5860" 5, 862. 396 

Helper, east face of Railroad Y. M. C. A. Building, 15 feet south of main 

entrance, 2 feet above ground; aluminum tablet stamped '*5827,-34". . . 5, 829. 334 
Helper, 0.4 mile southeast of, in base of milepost 152; spike with aluminum 

tag stamped "5804" 5,806.375 

Helper, 1.4 miles southeast of, in base of milepost 153; spike with aluminum 

tag stamped "5759" 5,760.360 

Helper, 2.8 miles southeast of, 0.3 mile south of milepost 154, north end of 

railroad cut, at road crossing, in base of telephone pole; spike with 

aluminum tag stamped "5689 " 5, 691. 814 

Price, 3.3 miles north of, 0.9 mile south of milepost 155, 60 feet east of right 

of way, on edge of bluff, in sandstone bowlder; aluminum tablet stamped 

"5663,-35" 5,664.912 

Price, 2.3 miles north of, 0.4 mile south of milepost 156, at road crowing, 

in base of telephone pole; spike with aluminum tag stamped "5620". . 5, 622. 726 
Price, 1.3 miles north of, in base of milepost 157; spike with aluminum tag 

Htamped"5572" 5,574.837 

Price, 0.6 mile north of, in base of milepost 158; spike with aluminum tag 

stamped "554 r' .- 5,543.605 

Price, 50 feet south of south end of Denver & Rio Grande R. R. freight 

shetl, in base of telephone i>ole; spike with aluminum tag stamped 

"5543" 5,544.980 

Price, west face of courthouse, top of first coping of steps at south entrance 

of building; aluminum tablet stamped "5564,-36 " 5, 566. 019 

Price, 1 mile south of, 0.2 mile north of milepost 160, at road crossing, in 

base of telephone pole; spike with aluminum tag stamped "5507 " 5, 509. 485 

Price, 2 miles south of, in base of milepost 161; spike with aluminum tag 

stamped "5477" 5,479.046 

Price, 2.6 miles south of, 0.3 mile north of milepost 162, at road crossing, 

m base of telephone pole; spike with aluminum tag stamped "5454".. 5,456.072 
Price, 3.8 miles south of, east side of concrete abutment of railroad bridge 

615; aluminum tablet stamped "5434,-37" 5,436.107 
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Price, 5.2 miles south of, in base of milepost 163; spike with aluminum tag Feet. 

stamped "5413" 5,415.745 

Wellington, in base of station signpost; spike with aluminum tag stamped 

"5405" 5,407.226 

Wellington, 0.5 mile south of, in base of milepost 165; spike with aluminum 

tag stamped "5389"..... 5,39L946 

Wellington, 1.5 miles south of, southeast comer of steel railroad bridge on 

stone abutment; aluminum tablet stamped * * 5459 " 5, 361. 285 

Wellington, 2.5 miles south of, in base of milepost 167 ; spike with aluminum 

tag stamped "5341" 5,343.553 

Wellington, 3.5 miles south of, in base of milepost 168; spike with aluminum 

tag stamped "5327" 5,329.627 

Wellington, 4.5 miles south of, in base of milepost 169; spike with aluminum 

tag stamped "5316" 5,318.085 

Famham, opposite station, 10 feet east of telephone, east edge of railroad 

right of way, in sandstone bowlder buried flush with ground; aluminum 

tablet stamped ' ' 5315 " 5, 317. 375 

Famham, 0.7 mile south of, in base of milepost 170; spike with aluminum 

tag stamped "5325" 5,327.735 

Farnham, 1.7 miles south of, in base of milepost 171; spike with aluminum 

tag stamped "5353" 5,355.421 

Point 4 mltoi north of Deiart Lake north and eait along Snnnytlde branch of Denrer 
Sc &lo Orande R. R. to point 6 mllei w«it of SnnnTtlde (tingle unchecked ipnr Une). 

Mounds, 4 miles north of, on Sunnyside branch of Denver & Rio Grande 
R. R., 20 feet east of milepost 4, in sandstone bowlder buried flush with 

ground ; aluminum tablet stamped "5429 " 5, 431. 768 

Milepost 5, in base of; spike with aluminum t^ stamped "5482 " 5, 484. 705 

Milepost 6, in base of; spike with aluminum tag stamped "5549 " 5, 551. 350 

Milepost 7, in base of; spike with aluminum tag stamped "5628 " 5, 630. 162 

Mounds, 4 miles north by 4 miles east of, 200 feet east of milepost 8, south 
edge of right of way, in sandstone bowlder; aluminum tablet stamped 

"5695" 5, 698. 064 

Sunnyside, 6.1 miles west of, in base of t^ixth telephone iM)le west of mile- 
post 9; spike with aluminum tag stamped "5760 " 5, 762. 369 

Sunnyside, 6 miles west of, on summit of small butte, 6 feet south of 

triangulation station; chisel point on bowlder painted "5812 " 5, 814. 522 

White, in base of station signpost; spike with aluminum tag stamped 

"5813" 5, 815. 372 

DESERT LAKE QITADRAVOLS. 
Point 1.7 mllei loath of Famham lontheait alonr Denver Sc Rio Orande R. R. to 

point near Cedar. 

Farnham, 2.7 miles south of, in base of milepost 172; spike with aluminum 

tag stamped "5381" 5,383.307 

Mounds, 1.9 miles north of, 300 feet north of milepost 173, in north abut- 
ment of railroad bridge 605; aluminum tablet stamped "5386,-41 " 5, 388. 341 

Mounds, 1 mile north of, in base of second telephone pole north of milepost 

174; spike with aluminum tablet stamped "5418 " 5, 420. 658 

Mounds, 150 feet east of station, 50 feet east of right of way, 15 feet north 

of small building; iron post stamped "5439,-42 " 5, 441. 854 

Milepost 176, in base of; .spike with aluminum tag stamped "5389 " 5, 391. 349 

Milepost 177, in base of; spike with aluminum tag stamped "5339 " 5, 341. 887 

Milepost 178, in base of; spike with aluminum tag stamped "5293 " 5, 295. 887 

Verde, in base of station sign; spike with aluminum tag stamped "5267 " . 5, 268. 996 
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Verde, 0.7 mile south of, east end of south abutment of bridge 598B; Feet. 

aluminum tablet stamped ''5233,^3" 5, 235. 153 

Milepoet 180, in base of; spike with aluminum tag stamped "5204" 5, 206. 287 

Milepoet 181, in base of; spike with aluminum tag stamped "5148 " 5, 150. 587 

Milepost 182, in base of; spike with aluminum tag stamped "5104" 5, 106. 473 

Milepoet 183, in base of; spike with aluminum tag stamped "5114" 5, 116. 581 

Momidi nortli alone Sniuiyilde braBoh of D«iifer Sc Rio Oraade R. R. 4 mllei (itn^ 
anobeoked ipnr Une). 

Mounds, 1 mile north of, in base of milepost; spike with aluminum tag 
stamped "5411" 5,413.854 

Mounds, 2 miles north of, in base of milepost 2; spike with aluminum tag 
stamped "5377" 5,379.713 

Mounds, 3 miles north of, in base of milepost 3; spike with aluminum tag 
stamped "5395" 5,397.554 

WOODSmS QITAORAVOLB. 
Cedar loatheaBt aloar Deaiar Sc Rio Orande R. R. to point 1 mile weit of Oreen 

Rtrer. 

Milepost 184, in base of; spike with aluminum tag stamped "5155" 5, 157. 772 

Cedar, east edge of right of way, 300 feet north of station, 10 feet south of 

telephone pole; iron post stamped "5172,-44 " 5, 174. 432 

Milepost 185, in base of; spike with aluminum tag stamped "5185" 5, 187. 152 

Milepost 186, in base of; spike with aluminum tag stamped "5134" 5, 136. 857 

Milepoet 187, in base of; spike with aluminum tag stamped "6090" 5,092. 363 

Cedar, 3.6 milee east of, 400 feet west of milepost 188, north edge of rigjit 
of way at east end of cut, in bowlder; aluminum tablet stamped "5040,- 

45" 5,042.009 

Milepost 189, in base of; spike with aluminum tag stamped "4984" 4,986. 979 

Milepost 190, in base of ; spike with aluminum tag stamped "4918" 4,920.942 

Milepoet 191, in base of; spike with aluminum tag stamped "4864" 4,866. 174 

Grassy, east edge of right of way, 50 feet Fouth of station sign, 8 feet south 

of telephone pole; iron post stamped "4851,-46 " 4, 853, 527 

Milepoet 192, in base of; spike with aluminum tag i^tamped "4800" 4,802.982 

Milepoet 193, in base of; spike with aluminum tag stamped "4764" 4,766. 771 

Milepoet 194, in base of; spike with aluminum tag stamped "4708" 4, 703. 267 

Woodside, 3 miles north of, west edge of north abutment of bridge 583B; 

aluminum tablet stamped "4614,-47 " 4, 685. 339 

Milepoet 195, in base of ; spike with aluminum tag stamped "4655" 4,657.302 

Milepost 196, in base of; spike with aluminum tag stamped "4643 " 4, 645. 213 

Milepoet 197, in base of; spike with aluminum tag stamped "4625" 4, 627. 582 

Woodside, 400 feet south of station, west end of north abutmt»nt of steel 

raihxiad bridge; aluminum tablet stamped "4626,-48 " 4, 627. 106 

Milepost 198, in base of; spike with aluminum tag stamped "4648 " 4, 649. 513 

Milepost 199, in base of; spike with aluminum tag stamped "4665 " 4, 666. 721 

Milepost 200, in base of; spike with aluminum tag stamped "4691 " 4, 692. 915 

Milepoet 201, 'in base of; spike with aluminum tag stamped "4737" 4, 738. CJ06 

Milepost 202, in base of; spike with aluminum tag stamped "4784 " 4, 785. 500 

Cliff, 30 feet east of station signpost, 6 feet south of telephone pole, east 

edge of raihxiad right of way ; iron post stamped ' * 4824,-49 " 4, 826. 032 

Milepost 204, in base of; spike with aluminum tag stamped "4787 " 4, 788. 298 

Milepost 205, in base of; spike with aluminum tag stamped ' ' 4732 " 4, 733. 412 

Milepost 206, in base of ; spike with aluminum tag stamped "4679" 4,680.330 

Cliff, 3.2 miles south of, 0.4 mile south of milepost 206, east edge of rail- 
road right of way, south of public-road crossing; iron j)ost stamped 
"4663,-50" 4,664.577 



Digitized by VjOOQ IC 



PRIMARY LEVELING. 17 

Feet. 

Milepoet 207, in base of; spike with aluminum tag stamped ''4629 " 4, 630. 884 

Milepost 208, in base of; spike with aluminum tag stamped "4586 " 4, 587. 811 

Milepost 209, in base of; spike with aluminum tag stamped ''4539 '' 4, 540. 332 

Desert, 100 feet south of station, east edge of right of way, 10 feet south of 

telephone pole; iron poet stamped "4510,-51" 4,511.681 

Milepost 211, in base of; spike with aluminum tag stamped "4456 " 4, 457. 457 

Milepoet 212, in base of; spike with aluminum tag stamped "4423 " 4, 424. 401 

Milepost 213, in base of; spike with aluminum tag stamped "4396 " 4, 397. 217 

Milepost 214, in base of; spike with aluminum tag stamped "4388 " 4, 390. 131 

Desert, 5 miles south of, 500 feet north of milepoet 214, in east end of 

south abutment of bridge 563; aluminum tablet stamped "4353,-2 " 4, 355. 460 

Milepost 216, in base of; spike with aluminum tag stamped "4303 " 4, 304. 983 

Sphinx, 50 feet north of station signpoet, 10 feet south of telephone pole, 

at east edge of right of way; iron poet stamped "4280,-52" 4,28L285 

Milepost 218, in base of; spike with aluminum tag stamped "4248 " 4, 249. 975 

Milepost 219, in base of; spike with aluminum tag stamped "4217 " 4, 218. 410 

Milepoet 220, in base of; spike with aluminum tag stamped "4167 " 4, 168. 658 

Green River, 2.2 miles west of, east end of south abutment of bridge 557; 

aluminum tablet stamped "4142,-54 " 4, 144. 189 

Milepoet 221, in base of; spike with aluminum tag stamped "4135" 4, 136. 973 

TIDWELL QITADRAVOLS. 

Point 1 mile w«it of Oreen Rtrer loatheast along Denver Sc Rio Grande R. R. to 
point 1 mile eaat of Solitude. 

Milepoet 222, in base of; spike with aluminum tag stamped "4099" ^4, 101. 197 

Green River, west face of public-school building, 5 feet south of main 

entrance, 3 feet above ground; aluminum tablet stamped "4085,-55 "... 4, 087. 336 
(Jreen River, north abutment of steel railroad bridge over river; aluminum 

tablet stamped "4062" 4,062. 732 

Milepoet 225, in base of; spike with aluminum tag stamped "4101" 4, 102. 291 

Milepoet 226, in base of; spike with aluminum tag stamped "4148 " 4, 149. 914 

Green River, 4 miles east of east end of concrete culvert, 300 feet north of 

milepoet 227; aluminum tablet stamped "4187,-55A" 4,188.424 

Milepost 228, in base of; spike with aluminum tag stamped "4243 " 4, 244. 790 

Milepost 229, in base of; spike with aluminum tag stamped "4295 " 4, 296. 507 

Milepoet 230, in base of; epike with aluminum tag stamped "4333 " 4, 334. 970 

Solitude, 10 feet east of station signpoet, weet edge of right of way; iron 

post stamped "4372,-56" 4, 373. 898 

Milepost 232, in base of; spike with aluminum tag stamped "4426 " 4, 427. 687 

MOAB QITADRAROLB. 

Point 1 mile eaat of Solitude east along Denrer A Rio Grande R. R. to point 1 mile 
weit of White Houee. 

Milepoet 233, in base of ; spike with aluminum tag stamped "4457" 4,458.827 

Milepoet 234, in base of; spike with aluminum tag stamped "4494 " 4, 496. 114 

Milepoet 235, in base of; spike with aluminum tag stamped "4541 " 4, 542. 934 

Milepoet 236, in base of; spike with aluminum tag stamped "4594 " 4, 595. 998 

Floy, 0.2 mile west of, east end of concrete abutment of bridge 541; alumi- 
num tablet stamped "4616,-59" 4,617.899 

Milepoet 238, in base of; spike with aluminum tag stamped "4619 " 4, 620. 832 

Milepost 239, in base of; spike with aluminum tag stamped "4664 " 4, 665. 614 

Milepoet 240, in base of; spike with aluminum tag stamped "4713 " 4, 714. 888 

100168°— Bull. 489—11 2 
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C'resc-ent, 2 milen we»t of, 15 feet eaat of second telephone pole east of mile- Feet. 

post 241, east edge of railroad right of way; iron poet stamped **4777,- 

60'* 4,778.461 

Milepoat 242, in base of; spike with aluminum tag stamped "4816 " 4, 817. 809 

Milepoet 243, in base of; spike with aluminum tag stamped "4875" 4, 877. 475 

Crescent, 800 feet east of water tank, opposite milepost 244, at north edge 

of railroad right of way; iron poet stamped "4898,-61" 4,899.747 

Milepoet 245, in base of; spike with aluminum tag stamped "4907" 4,908.804 

Milepost 246, in base of; spike with aluminum tag stamped "4946" 4, 948. 526 

Milepoet 247, in base of; spike with aluminum tag stamped "5000" 5,002.061 

Milepoet 248, in base of; spike with aluminum tag stamped "5045" 5,047. 522 

Milepost 249, in base of; spike with aluminum tag stamped "5094" 5,096.012 

Thompson, southeast comer of concrete abutment of bridge, 500 feet north 

of station; aluminum tablet stamped "5132,-62" 5, 134.540 

Milepoet 251, in base of; spike with aluminum tag stamped "5126" 5, 128. 122 

Milepost 252, in base of; spike with aluminum tag stamped "5084" 5,086. 112 

Thompson, 3.2 miles east of, 150 feet south of milepoet 253, in south end of 

concrete abutment of steel bridge; aluminum tablet stamped "5033-63 " . 5, 034. 674 

Milepoet 254, in base of; spike with aluminum tag stamped "4983 " 4, 985. 226 

Milepost 255, in base of; spike with aluminum tag stamped "4937 " 4, 939. 066 

Milepoet 256, in base of; spike with aluminum tag stamped "4887 " 4, 888. 979 

Milepost 257, in base of; spike with aluminum tag stamped "4832" 4,834.564 

Sagers, 500 feet east of station, opposite milepoet 258, west edge of right of 

way; iron poet stamped "4782-64" 4,783.961 

Milepoet 259, third telephone pole east of, in base of signpost; spike with 

aluminum tag stamped "4727 " 4, 727. 665 

Milepoet 260, in base of; spike with aluminum tag stamped "4680 " 4, 681. 658 

Milepoet 261, in base of; spik6 with aluminum tag stamped "4630" 4, 631. 841 

\\Tiite House, 4.3 miles west of, southeast comer of concrete culvert of 

bridge; aluminum tablet stamped "4621-65" 4, 622. 989 

Milepoet 262, in base of; spike with aluminum tag stamped "4605" .4,607. 669 

Milepoet 263, in base of; spike with aluminum tag stamped "4571" 4, 572. 883 

Milepost 264, in base of; spike with aluminum tag stamped "4553" 4, 555. 266 

MOXTNT WAAS QUADBANOLE. 

Point 1 mile wett of White House northeast alone Denver Sc Rio Grande K. K. to 

Cisco. 

Milepost 265, in base of; spike with aluminum tag stamped "4506" 4,508. 209 

White House, 6 feet east of station signpost, north edge of railroad right of 

way; iron poet stamped "4485-66" 4,486.798 

Milepost 267, 300 feet west of, in base of signpost; spike with aluminum tag 

stamped "4451" 4,452.849 

Milepost 268, in base of; spike with aluminum tag stamped "4434 " 4, 436. 649 

Milepost 269, in base of; spike with aluminum tag stamped "4449 " 4, 450. 893 

Cisco, 3.7 miles west of, opposite milepoet 270, east edge of railroad right of 

way; iron post stamped "4455-67 " 4, 457. 200 

Milepoet 271, in base of; spike with aluminum tag stamped "4406" 4,408. Ill 

Milepost 272, in base of; spike with aluminum tag stamped "4351 " 4, 352. 895 

Milepost 273, in base of; spike with aluminum tag stamped "4331 " 4, 331. 893 

Cisco, 25 feet east of station, in comer of railroad park; iron poet stamped 

"4350-68" 4,352.953 

Milepoet 274, in base of; spike with aluminum tag stamped "4360" 4, 361. 888 
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WESTWATEK QUADRANGLE. 

ClMO northeast alonr Denver A Rio Grande R. R. to XTtallne. 

Feet. 

Milepoet 275, in base of; spike with aluminum tag stamped '*4326 " 4, 327. 671 

Milepoet 276, in base of; spike with aluminum tag stamped **4314 " 4, 315. 786 

Milepost 277, in base of; spike with alimiinum tag stamped '*4316 " 4, 317. 308 

Milepost 278, in base of; spike with aluminum tag stamped **4315 " 4, 316. 067 

Marre, 250 feet east of station signpost, 6 feet south of second telephone pole, 

south edge of railroad right of way; iron post stamped "4346-69 " 4, 347. 667 

Milepost 280, in base of; spike with aluminum tag stamped "4347 " 4, 348. 383 

Milepost 281, in base of; spike with aluminum tag stamped "4380" 4, 381. 317 

Milepoet 282, in base of; spike with aluminum tag stamped "4423 " 4, 424. 681 

Milepost 283, in base of; spike with aluminum tag stamped "4434 " 4, 435. 585 

Milepoet 284, in base of; spike with aluminum tag stamped "4485 " 4, 486. 545 

Cottonwood, 1,000 feet east of station, south end of cut, 10 feet north of track, 

50 feet west of milepost 285, in sandstone bowlder; aluminum tablet • 

stamped "4548-70" 4,549.297 

Milepost 286, in base of; spike with aluminum tag stamped "4498 " 4, 499. 997 

Milepoet 287, in base of; spike with aluminum tag stamped "4444 " 4, 445. 976 

Milepost 288, in base of; spike with aluminum tag stamped "4383 " 4, 384. 946 

Milepost 289, in base of; spike with aluminum tag stamped "4329 " 4, 330. 785 

Westwater, 25 feet north of station, east end of station signpost; iron post 

stamped "4320-71" 4,320.487 

Milepoet 290, in base of; spike with aluminum tag stamped "4318 " 4, 319. 602 

Milepost 291, in base of; spike with aluminum tag stamped "4333 " 4, 331. 761 

Milepoet 292, in base of; spike with aluminum tag stamped "4341 " 4, 339. 895 

Milepoet 293, in base of; spike with aluminum tag stamped "4340" 4, 338. 685 

Utaline, 20 feet north of station signpost, on* Utah-Colorado State line, in 

sandstone ledge; aluminum tablet stamped "4353-72 " '. . . 4, 354. 819 

MOXTNT BARTLES QUADRANGLE. 

Point 5.5 mllet west of Sonnyslde eaat alon^ Sonnyslde branch of Denver Sc Rio 
Grande R. R. to Sonnyslde (slnrle nnchecked ipnr Une). 

Sunnyside, 4 miles west of, north side of right of way, under center of signal 
at triangulation station, in sandstone bowlder buried flush with ground; 

aluminum tablet stamped "5902 " 5, 904. 386 

Milepoet 12, in base of; spike with aluminum tag stamped "6042 " 6, 044. 781 

Milepoet 13, in base of; spike with aluminum tag stamped "6166 " 6, 168. 417 

Milepost 14, in base of; spike with aluminum tag stamped "6294 " 6, 296. 463 

Sunnyside, 100 feet south of milepost 15, south edge of railroad right of way, 
in sandstone bowlder; aluminum tablet stamped ' ' 6432 " 6, 434. 419 

Fish Springs and Sevier Desert quadrangles. 

.IIAB AND MILLARD COUNTIES. 

The elevations in this list are based on a bench mark at Oasis, an 
iron post at the southwest corner of Day^s Hotel, the elevation of 
which by the field computation of the Coast and Geodetic Survey 
precise leveling of 1908 is accepted as 4,593.053 feet. Its final value 
has not yet been computed by tJie Coast and Geodetic Survey. When 
determined the correction should be applied to this entire list. 

The leveling was done in 1908 by T. A. Green. 
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SEVIER DE8EKT QUADRAVOLE. 

OasU to Dxiuft (Joy pott offloe). 

Feet 

Oasis, Bouthwest comer of Day's Hotel; iron poet stamped "4591-1908" 4, 593. 053 

Oasis, in front of station; top of rail 4, 595. 6 

Deseret, 75 feet east of crossroads, south of poet office, at comer of corpora- 
tion scales; topof bolt marked "4584" 4,585.87 

Deseret, 5.08 miles northwest of, 100 feet north of road, in 6 by 12 by 24 

. inch rock; aluminum tablet stamped "4572 " 4, 573. 710 

Deseret, 10.92 miles northwest of, 50 feet north of road; iron post stamped 

"4559" 4,560.72a 

Deseret, 16.69 miles northwest of, 1.12 miles northwest of old smelter, 30 

feet east of road, in oblong rtxk; aluminum tablet stamped "4681 " 4, 682. 942 

Joy, 11 miles southeast of, 10 feet west of road, in brown sandstone bowlder 

30 inches wide and 18 inches deep; bronze tablet stamped "5028" 5,030. 076 

Antelope Sprlnc eait to Deseret (portion of line). 

Soap Hollow, 7.18 miles east of, at forks of road, on east side of Swaseie 

Wash, 50 feet east of forks; iron poet stamped "4680" 4,682.057 

Crafts, 2.75 miles northwest of, 40 feet north of road; iron poet stamped 

"4553" 4,554.942 

Crafts, 1.75 miles northwest of, on west side of road at northwest comer of 

lake; point on rock marked "4542" 4, 551. 75 

Crafts, 3.18 miles northwest of, 20 feet west of road, on top of small ridge; 

iron post stamped "4561 " 4, 563. 527 

Deseret, 3.4 miles west of, 30 feet east of road, 130 feet north of forks; iron 

post stamped "4573" 4,574.714 

FISH SPRINGS QXTADRAVOLE. 
Dxiun (Joj post oflioe) iUl Flih Sprlnrt to Cnllao. 

Joy, 5 miles southeast of, 20 feet east of road, at sharp bend to north, in 
rock; aluminum tablet stamped "5653" 5,655.360 

Joy, 3 miles southeast of, 75 feet north of road, mnning east to Ibex mine; 

point on rock 5, 942. 65 

Joy, 0.87 mile southeast of poet office, 5 feet east of road; point on mining 
claim monument 5, 973. 42 

Joy (Dmm), 0.6 mile west of post office, 100 feet south of road, 325 feet 
west of four-comers, on top of small hill, in porphyry outcrop; aluminum 
tablet stamped "5954" 5, 955. 830 

Joy, 5.21 miles northwest of, 30 feet south of road, at plane table station, 
in rock; aluminum tablet stamped "5333" 5,335. 109 

Joy, 11.84 miles northwest of, 30 feet east of road, in rock; aluminum tablet 
stamped "4743" 4,745.159 

Cane Spring, 8.3 miles southeast of, north side of road, 160 feet west of 
freighter's camp ground ; point on rock 4, 540. 74 

Cane Spring, 5 miles southeast of, 870 feet west of road mnning north, 20 
feet north of road, in rock; aluminum tablet stamped "4390" 4,391.535 

Cane Spring, 0.67 mile north of, on east side of road, 50 feet north of freight- 
er's feed box and cedar post, in rock; aluminum tablet stamped "4337" 4, 338. 719 

Thomas ranch, in east side of old stone house occupied by J. J. Thomas, on 
north side of south door; aluminum tablet stamped "4319 " 4, 320. 665 

Thomas ranch, 2.80 miles north of, 200 feet west of northwest comer of Fish 

Spring; point on quartz outcrop.-. 4, 308. 18 

Thomas ranch, 4.11 miles northwest of, 140 feet west of road mnning north 
to Hat Springs, 30 feet south of road, at point where road makes sharp 
bend to southwest; point on rock 4, 308. 26 
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Fish Springs, 1.8 miles southest of, 200 feet west of road, near western end Feet, 
of black mesa; iron post stamped *'4340" •. 4, 341. 625 

Fish Springs, about 1 mile west of, at forks of road, in southwest comer of 
casing around old well; nail 4, 334. 23 

Fish Springs, about 2 miles west of, at old well on east side of road; top of 
iron standpipe 4, 344. 27 

Fish Springs, 4.39 miles west of, at jimction with main road running south- 
west to Trout Creek, 40 feet north of road junction; iron post stamped 
*'4348'' 4,349.560 

Callao, 4.6 miles east of, 40 feet north of road; iron post stamped "4326*'. . 4, 327. 895 

Oallao tU Tront Creak to Ghuidy, Smitkfffle, and Cowboy Pau. 

Callao, 200 feet southeast of southeast comer of John Kearney's ranch 
house, on south side of road, 10 feet west of field gate; iron post stamped 
"4326** 4,328.292 

Callao, 6.16 miles southwest of, 1,280 feet south of nmning stream crossing, 
40 feet west of road; iron post stamped "4813" 4, 814. 740 

Callao, 9.61 miles southwest of, 40 feet west of road, 900 feet west of old dry 
lake, in large granite bowlder; aluminum tablet stamped "4974 " 4, 975. 949 

Trout Creek, 2.8 miles north of, 28 feet vest of road, 15 feet due west of 
bowlder, in rock; aluminum tablet stamped "4821 " 4, 822. 266 

Trout Creek, 1.6 miles north of, 40 feet north of road junction; iron post 
stamped "4679" 4,681.113 

Trout Creek, 4.84 miles south of, 25 feet west of road, on top of sandy ridge, 
between two salt marshes; iron post stamped "4735 " 4, 737. 555 

Trout Creek, 7.81 miles south of, 10 feet east of road, 30 feet south of four- 
comers; point on lava rock 4, 773. 90 

Gandy, 9 miles north of, 50 feet west of junction with road running south- 
west, 10 feet south of road; iron post stamped "4837" 4,839.311 

Gandy, 3.2 miles north of, 40 feet west of road, 150 feet south of road run- 
ning northwest; iron post stamped "5014 " 5, 016. 340 

Gandy, 2.42 miles southeast of, 35 feet west of road, 1,175 feet north of road 
mnning north, in rock; aluminum tablet stamped "4949 " 4, 950. 292 

Smith ville, 1,260 feet west of post office, 100 feet south of road, 40 feet 
west of gate to George Bishop's ranch house, in rock; aluminum tablet 
stamped "4881" 4,883.590 

Smith ville, 6.15 miles south of, 20 feet west of road, 270 feet south of point 
where road crosses sand dunes, in marble rock; aluminum tablet stamped 
"4889" 4,890.938 

Simonson's ranch, 300 feet northeast of, at northwest comer of field fence, 
in rock; aluminum tablet stamped "4956" 4, 958. 362 

Simonson's ranch, 6.25 miles east of, 15 feet south of road ; iron post stamped 

"4867 " 4, 869. 207 

Cowboy Pass^ 4.6 miles west of, 40 feet south of road, in rock; aluminum 
tablet stamped "5162 " 5, 164. 110 

Cowboy Pass, 3.1 miles west of, 5 feet south of road, at point where road 
makes a sharp bend to east into mouth of canyon; point on rock 5, 353. 50 

Ghuidy via Foota'i raBoh and Blahop Sprlnc to Cowboy Pan. 

Foote's ranch, 4.6 miles northwest of, 5 feet north of road, at southeast 
comer of fence around Conkling's ranch; iron post stamped "4826 " 4, 835. 090 

Foote's ranch, 0.8 mile northwest of, on north side of road, 300 feet west of 
dim road north; iron post stamped "4819" 4,827.010 

Bishop Spring, 0.9 mile northwest of, 10 feet east of n»d, 300 feet northeast 
of Foote's Spring; point on rock marked "4817 " 4, 825. 21 
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Bishop Spring, 6.12 miles southeast of, 10 feet south of road, 70 feet east of Feet, 
road west to Smith ville. in rock; aluminum tablet stamped **4962 " 4, 971. 442 

Cowboy Pasi to Tale Sprlnc.^ 

Cowboy Pass, 50 feet north of road, 10 feet west of divide, in limestone 
outcrop; aluminum tablet stamped "5707 " 5, 716. 181 

Cowboy Pass, 6.1 miles east of, 15 feet south of road, in limestone rock, 
beside rock monument; aluminum tablet stamped "4841 " 4, 850. 445 

Tule Spring, 15 feet east of North Spring, 20 feet north of road; iron post 
stamped "4411" 4,420.444 

Blihop SpriAi: to Tale Spriair. 

Bishop Spring, 3.2 miles southeast of, at point where road makes sharp 
bend to northwest, on south end of small nose, in limestone outcrop; 
aluminum tablet stamped "5176 " 5, 185. 315 

Bishop Spring, 8.5 miles southeast of, forks of road at top of divide, 40 feet 
east of di^^de, 50 feet north of forks, in limestone rock; aluminum tablet 
stamped "5963" 5,972.288 

Tule Spring, 9.97 miles northwest of, on north side of road, 25 feet east of 
dim road south, at mouth of canyon; point on rock marked "5376 " 5, 385. 77 

Tule Spring, 6.15 miles northwest of, 20 feet north of road ; iron post stamped 

"4735 " 4, 744. 313 

Point 2.1 mllei northwest of Joy via Swasey Spring ro&d to crotfroads, 4.5 milei eait 
of Antelope Sprinir. 

Joy, 8.26 miles southwest of, 40 feot east of road ; iron post stamped "5146 " . . 5, 147. 973 

Joy, 14.5 miles southwest of, 20 feet west of road ; iron post stamped "5026 " . 5, 027. 556 

Joy, 21.29 miles southwest of, 50 feet east of road, in blue limestone rock; 
aluminum tablet stamped "5222" (witness mark, slate slab 2 feet east of 

tablet) 5, 223. 699 

Tnle Spring via Antelope Spring and Crafts to Deeeret. 

Tule Spring, 6.06 miles east of, 45 feet north of road, in rock on west side of 
rock monument; aluminum tablet stamped "4759 " 4, 768. 779 

Antelope Spring, 1.16 miles weet of, at top of main divide of House range, 
20 feet north of road, 15 feet west of divide, in limestone outcrop; alumi- 
num tablet stamped "6740" 6, 742. 432 

Antelope Spring, 5.05 miles east of, 40 feet south of road, on end of small 
nose between two washes, in oblong bowlder; aluminum tablet stam|)ed 
"5547" 5,549.5a3 

Soap Hollow, 1.5 miles east of, at top of ridge, 200 feet east of saddle, 50 feet 
north of road, in sandstone outcrop; aluminum tablet stamped "5001 ". . 5, 002. 731 

Tintic special quadrangle. 

JUAB AND ITAH COUNTIES. 

The approximate elevations in the following list are based on an 
iron post set in the ground at the northeast comer of the courthouse 
at Eureka and stamped '^6394.'' The height of this post is denved 
from the elevation of the top of the rail in front of the station of 
the San Pedro, Los Angeles & Salt Lake R. R. at Eureka, given as 
6,387 feet by the railway officials. From this the elevation of the 
central datum point has been accepted as 6,394.453 feet above mean 
sea level. 

The leveling was done in 1897 by A. B. Searle. 



» The error of this line is excessive. 
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Bnxeka to Diamond Divide via Kobinton, saver City, and Diamond. Feet. 

Eureka, junction of iSan Pedro, Los Angeles & Salt Lake R. R. and Denver 
& Rio Grande R. R. ; top of rail 6, 177. 59 

Robinson, southeast comer of lawn at Hotel Mammoth; iron post stamped 

*'6382" 6,38L755 

Diamond, northwest comer of lot, in southeast angle of cross streets in cen- 
ter of town; iron post stamped "6240" 6, 240. 417 

Diamond Divide, beside large rock at base of small cedar tree, at east end of 
long flat near head of Water and Government canyons; iron post stamped 
"6790" 6,789.505 

Silver City down Tintic VaUey to point near Mclntlre't ranoli. 

T. 11 S., R. 3 W., northwest comer of sec. 14, junction of road from Silver 
City and road from Mammoth to Mclntire's ranch, west side of old grade of 
Denver & Rio Grande R. R., about 500 feet north of trestle; iron post 
stamped "5686" 5,686.418 

T. 12 S., R. 3 W., SE. i N\V. } sec. 11, on north side of draw, in angle formed 
by road from Mclntire's ranch and old road leading off to northeast; iron 
post stamped "5771 " 5, 771. 368 

TTp Copperopolit Creeli. 

T. 12 S., R. 3 W., northeast comer of sec. 1, mound of earth just south of 

wagon road at junction of drainages; iron poet stamped "6124 " 6, 124. 419 

ITp XlmbaU Greek. 

Big and lattle Dog canyons, near junction of, on east side of wagon road, 
about 0.2 mile north of junction of streams; iron post stamped "5739 " 5, 739. 079 

Up Cottonwood Canyon. 

Cottonwood Canyon, head of, about 600 feet east of wagon road, about 250 
feet north of Juab County, Utah County line, imder lone tree; iron post 

stamped "6228" 6,228.089 

Diamond Divide to Eureka, via Government Canyon, Iron Spur, and Homansville, 

Goshen Valley, northwest comer of T. 11 S., R. 1 W.; iron post stamped 

"4793 " 4, 793. 136 

Goshen Valley, at northwest comer of T. 10 S., R. 1 W.; iron post stamped 

"4978 " 4. 978. 475 

Frisco special qnadrangle. 

BEAVKR COUNTY. 

The elevations in the following list are based on tlie height of a 
bench-mark post 400 feet north of the station at Milford, accepted as 
4,955.974 feet, as determined by the Coast and Geodetic Survey pre- 
limmary 1911 adjustment. 

The levelmg was done in 1904 by R. A. Farmer and in 1905 by 
Fred McLaughUn, and was originally based on railroad datum; hence 
the erroneous stamping of bench marks. 

Milford west alone San Pedro, Lot Anfelet 6c Salt Lake R. R. (Frisco branch) to 
Friaco (mean of two rons). 

Feet 

Milford, in front of station; top of rail 4, 958. 5 

Milford, 300 feet south of station, 50 feet west of main track, 5 feet north of 
telephone pole; iron post stamped "5035 " 4, 957. 628 
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Milford, 400 feet north of station, 50 feet west of main track, 10 feet south Feet. 
f 
of telephone pole; iron post stamped ^'5034 '^ (Coast and Geodetic Survey 

value) '. 4,955.974 

Milford, 1 mile south of, 8 feet west of milepost 259, 20 feet north of track; 

iron poet stamped * * 5059 FRR" 4,981.254 

Milepost 262, 10 feet north of, 20 feet north of track; iron post stamped 

**5229FRR» 5,151.400 

Solus, 2.5 miles east of, 100 feet east of bridge 224, 20 feet north of track; 

iron post stamped** 5495 FRR" 5,417.640 

Solus, 20 feet south of signboard, 30 feet south of track; iron post stamped 

**5726" 5,647.920 

Frisco, 4.5 miles east of, 15 feet east of milepost 270, 20 feet north of track; 

iron post stamped **5946" 5,868.369 

Frisco, 2 miles east of, 150 feet east of trestle 236, 25 feet north of track; 

m)n post stamped** 6364" 6,286.429 

Frisco, 100 feet east of station, 30 feet north of track, east side of Main 

Street; iron post stamped **6450FRR" 6,372.238 

TMsQO WMt alOBf hlffhw&y to HewhouM (liAgle Uim oheoked by Moonduy lereUnc). 

Frisco, 100 feet south of station; iron post stamped "6443" 6,364.947 

Squaw Springs, 1.3 miles west of, 100 feet south of wagon road, in black 

rock 1 by 3 by 2 feet out of ground; tablet stamped ** 5862" 5,783.904 

Newhouse, 10 feet east of reservoir; iron post stamped **5320" 5, 242. 054 

Iron Springs special quadrangle. 
IRON COUNTY. 

The elevations in the following list depend upon the height of a 
bench mark at Lund station accepted as 5,080.831 feet, as determined 
by the Coast and Geodetic Survey preliminary 1911 adjustment. 

The leveling was done in 1905 by George F. Maglett. 

Land sonthMtat alone road to BamUton Fort. 

Lund, 200 feet north of station, 50 feet west of main track, 10 feet east of Feet 

road; iron post stamped **RLUND 6092" 5,080.831 

Lund, 3 miles southeast of, 20 feet south of road; iron post stamped 

"RLUND5106" 5,095.848 

Lund, 6 miles southeast of, 20 feet south of road; iron post stamped 

** RLUND 5131 " 5, 12Q. 350 

Lund, 9 miles southeast of, 20 feet south of road; iron post stamped 

**RLUND 5168" 5, 158. 321 

Limd, 12 miles southeast of, 20 feet south of road; iron post stamped 

"RLUND 5203" 5, 192. 561 

Lund, 15 miles southeast of, 15 feet south of road; iron post stamped 

*'RLUND5263" 5,253.239 

Lund, 18 miles southeast of, 20 feet south of road; iron post stamped 

" RLUND 5317 " 5, 307. 046 

Lund, 20.75 miles southeast of, 100 feet south of road, 15 feet northeast of 

old rock house; iron post stamped "RLUND 5365" 5, 354. 456 

Lund, 23 miles southeast of, 400 feet southwest of Root's house, 20 feet 

southwest of road; iron post stamped *'RLUND 5414" 5, 404. 071 

Iron Springs, 0.25 mile east of, 20 feet east of road forks; iron post stamped 

"RLUND 5470" 5,460.101 

Iron Springs, 3.25 miles south of, 50 feet south of road forks; iron post 

stamped "RLUND 5495" 5,484.712 
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Iron Springs, 6.5 miles south of, 2.5 miles west of Hamilton Fort, 20 feet Feet. 

northeast of road; iron post stamped "RLUND 5497" 5,486.798 

Iron Springs, 9.25 miles south of, 0.25 mile west of Hamilton Fort, 15 feet 

north of road forks; iron post stamped "RLUND 5631" 5,620.893 

Hamilton Fort weit to Duncan's ranch, thence north to point mUes sontheafft of Land. 

Shirts Lake, 200 feet west of, 1 mile northwest of house, 10 feet west of road; 
iron post stamped "RLUND 5454" 5,443. 957 

Hamilton Fort, 7 miles west of, 15 feet north of Cedar City and Pinto Creek- 
road; iron post stamped *'RLUND 5689" 5,679.011 

Duncan's ranch, 600 feet northeast of house, 30 feet south of road forks; 
iron post stamped * ' 5983 RLUN D " 5, 972. 830 

Duncan's ranch, 3 miles north of, 3,000 feet north of road forks, 20 feet east 
of road; iron post stamped "RLUND 5843" 5, 832. 742 

Duncan's ranch, 11 miles north of, 3.5 miles due west of old rock house, 
1,200 feet south of Iron Springs- Antelope road; iron post 5, 414. 334 

Old rock house, 9 miles west of, 4 miles northeast Antelope Springs, 70 feet 
south of road forks; iron post stamped " RLUND 5367 " 5, 356. 774 

Antelope Spring, 5.75 miles northeast of, 3.75 miles north of road forks, 
0.5 mile east of Pioche-Hot Springs road; iron post stamped 
*'RLUND5187" 5,176.702 

Browns Park, Coalville, Fort Douglas, Gilbert Peak, Hayden Peak, Xarsh Peak, 
Bed Creek, Strawberry Valley, Theodore, and Vernal 80^ quadrangles (Ashley, 
Salt Lake, and XTinta 1° quadrangles). 

SALT LAKE, SUMMIT, UINTA, UTAH, AND WASATCH COUNTIES. 

The elevations in the following list are based upon the heights of 
bench marks of the United States Geological Survey at Evanston, 
Wyo., and Echo, Utah, redetermined by the transcontinental 
precise level line of the Coast and Geodetic Survey. 

The leveling was done in the Coalville quadrangle in 1899 and 
1900 by L. C. Woodbury and E. W. Glafcke, respectively; in the 
Gilbert Peak, Marsh Peak, and Vernal quadrangles in 1902 by 
Glafcke; in the Strawberry Valley and Red Creek quadrangles in 
1900 by Glafcke; in the Theodore quadrangle in 1900-1901 by 
Glafcke; m the Hayden Peak quadrangle in 1897-98 by E. W. Hills 
and in 1901-2 by Glafcke; and in the Fort Douglas quadrangle in 
1899 and 1901 by Woodbury and Glafcke, respectively. Additional 
leveling was done in the Browns Park and Marsh Peak quadrangles 
in 1905 by J. H. Kent and in the Fort Douglas quadrangle in 1910 
by L. F. Biggs, the work in the latter quadrangle being a portion of 
the double line from Salt Lake City, Utah, to Grand Junction, Colo. 

FORT D017GLA8 80" QUADRANGLE (SALT LAKE 1** QITADRAITOLB), 

Bait Lake City eait alons Dearer A Rio Grande R. R. to BUmballf (double* 

rodded line). 

Feet. 

Salt Lake City, in front of Oregon Short Line R. R. station; top of raih . 4,255. 
Salt Lake CHty, meridian mark at the southwest comer of city and county 
building grounds, comer of State and Fifth streets south, cemented in 
stone post; bronze tablet stamped *'4251 SLAK" 4,252.171 
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Salt Lake City, at southeast comer of brick building known as Cook's Hall, Feet, 
at comer of Ninth Street East and Twelfth Street South, on top of pro- 
jecting brick; cut cross 4,331. 02 

Salt Lake City, comer Eleventh Street East and Twelfth Street South, 
2 feet north of sidewalk and 100 feet northeast of street crossing; iron 
post stamped "4352 SLAK " 4, 353. 867 

Salt Lake City, 7.8 miles southeast of, 2.0 miles east of Starbuck's "Model 
Dairy Ranch,*' in east end of north wall of city waterworks reservoir; 
top of bolt head stamped "4736" 4,737.83 

Salt Lake City, 11.5 miles southeast of, 3.6 miles southeast of city water- 
works, 0.25 mile below section house at road crossing, between railroad 
and creek; iron post stamped "5234 SLAK" 5,235.760 

Barclay, below railroad and above water tank and section house; iron 
post stamped "6204 SLAK" 6, 205. 840 

Summit, about 100 feet east of wagon road, on side of hill just below oak 
bmsh; iron post stamped "7041 SLAK" 7, 041, 950 

Summit, 3.7 miles southeast of, beside railroad, back of buildings at Ander- 
son's ranch, about 0.5 mile east of Gogorza; iron post stamped "6304 
SLAK" 6,305.830 

Kinjbairs, fence comer at road crossing; iron poet stamped "6364 SLAK".. 6,365.615 

KiiabaU** sontheait to Park City (double ipnr line). 

Park City, 3.4 miles northwest of, west side of railroad track, north side of 
public road, at fence comer; iron post stamped "6636 SLAK " 6, 636. 828 

Park City, 1.0 mile north of, sec. 9, T. 2 S., R. 4 E., at side of public road 
50 feet west* of southeast comer of cemetery fence; iron post stamped 
"6804 SLAK" 6,805.660 

Park City, sec. 16, T. 2 S., R. 4 E., first ward school building, northeast 
comer of grounds; iron post stamped "6973 SLAK" 6, 974. 777 

Deer Park louth np Ontario Onlch to top of mountains abore Qnlacy mine and bank 
thronf h Empire Canjon. 

Ontario mill, mouth of old drain tunnel, northeast comer of masonry wall, 
top of foundation stone; chisel mark 7, 274. 51 

T. 2 S., R. 4 E., NW. i sec, 28, Daily mine No. 2, northwest comer of stone 
embankment around front yard of boarding house; aluminum tablet 
stamped "8176 SLAK" 8,177.029 

T. 2 S., R. 4 E., east side of sec. 29, Quincy mine No. 1, 100 feet west of 
hoist works, on north slope of divide, at head of Empire Canyon, in large 
quartzite ledge; aluminum tablet stamped "8499 SLAK" 8,500.214 

Daily West mine, southeast corner of scales, in heavy timber, 50 feet north 
of assay office; marked hail 8, 331. 50 

Daily No. I mine, southwest comer of hoist works, in foundation stringer, 
spike 8, 084. 81 

T. 2 S., R. 4 E., SW. i sec. 21, 300 feet southwest of house at mouth of can- 
yon, west side of narrow canyon, in cliff, 20 feet west of road; aluminum 
tablet stamped "7658 SLAK" 7,659.505 

Quincy mine via Brif hton, Alta, Bonansa Flat, and SllTer Lake to point 4 milei north- 
weit of Brlf hton Hotel (spur line). 

Divide between Bonanza Flat and Big Cottonwood Creek, summit of, 75 
feet south of road, in large granite bowlder; aluminum tablet stamped 
*'9750SLAK" 9,740.409 

Silver I^ke, Brighton Hotel, 15 feet north of north end of lake, in laige 
bowlder; aluminum tablet stamped '*8739 SLAK " 8, 729. 269 



Digitized by VjOOQ IC 



PRTMAHY LKVEUKO. 27 

Alta Divide, summit of, between Twin Lakes and Little Cottonwood Feet. 
Creek, 20 feet north of trail, in granite ledge, beside rock; aluminum 
tablet stamped ' * 10002 SLAK " -. 9, 992. 271 

Alta, 100 feet north of road between Columbus Mine and Alta, in ledge of 
limestone on small knoll, aluminum tablet 8tamp>ed *'8594 SLAK". .« . 8,583. 954 

Brighton Hotel, 1.9 miles northwest of 300 feet north of Big Cottonwood 
Creek, 50 feet north of road, at clearing, in granite bowlder 6 by 6 by 5 
feet; aluminum tablet stamped "8044 SLAK" 8, 034. 730 

Brighton Hotel 4.0 miles northwest of, 250 feet north of creek, 60 feet north 
of edge of road at Wilson's sawmill, in large granite bowlder; aluminum 
tablet stamped* '7451 SLAK" 7,441.477 

Salt Lak« City south along Denver A Rio Orande R. R. to Rtverton. 

Salt Lake City, southeast comer of Temple Street South and Third Street 
West, 13.12 feet west of saloon entrance in Railroad Exchange Hotel, 
213.2 feet southeast of southeast comer of Oregon Short Line R. R. 
passenger station, 5 feet east of curb on Third and Temple streets, 18 
feet south of curb on Temple Street South, iron post 4, 259. 400 

Salt Lake City, in front of Denver & Rio Grande R. R. station; top of 
rail '.., 4,225.7 

Salt Lake (Hty, 600 feet south of Utah Portland ('ement Works, in base of 
milepost 38; spike with aluminum tag stamped **4225 " 4, 226. 89 

Salt Lake (Hty, 2.8 miles south of, in base of milepost 39; spike with 
aluminum tag stamped "4225 " 4, 225. 10 

Salt Lake City, 3.9 miles south of, in base of milepost 40; spike with alu- 
minum tag stamped "4233" 4, 232. 96 

Salt Lake City, 4.7 miles south of, 600 feet north of milepost 41, east end 
of retaining wall of railroad at concrete bridge over small creek; alu- 
minum tablet stamped "4239-1" 4,238.727 

Salt Lake City, 5.9 miles south of, in base of milepost 42; spike with 
aluminum tag stamped ' ' 4256 " 4, 256. 53 

Salt Lake City, 6.9 miles south of, in base of milepost 43; spike with alu- 
minum tag stamped "4276" 4, 276. 12 

Cahoons, in front of station; top of east rail 4, 284. 9 

Murray, 0.5 mile north of, in base of milepost 44; spike with aluminum 
tag stamped "4294" .* 4,294.099 

Murray, 150 feet east of station, southwest comer of American Smelting <& 
Refining Co.'s property, 5 feet west of flagman's cabin, in stone pier 12 
by 12 inches; aluminum tablet stamped "4310-2" 4,309. 793 

Murray, 0.5 mile south of station, in base of milepost 45, spike with alumi- 
num tag stamped ' * 4318 " 4, 318 034 

Murray, 1.5 miles south of, in base of milepost 46; spike with aluminum tag 
stamped "4332" 4,331.889 

Murray, 2.5 miles south of, in base of milepost 47, spike with aluminum tag 
stamped "4348" 4,347.932 

Mid vale, 1,000 feet west of station, northeast comer of brick building used 
as boarding house, 150 feet east of intersection of Main and Center streets, 
5 feet above ground , aluminum tablet stamped "4354-3 " 4, 353. 762 

Mid vale, 0.5 mile south of, in base of milepost 48; spike with aluminum tag 
stamped "4360" 4,360.231 

Midvale, 1.5 miles south of, in base of milepost 49, spike with aluminum tag 
stamped "4356" 4,355.865 

Midvale, 2.5 miles south of, in base of milepost 50; spike with aluminum 
tag stamped "4372" 4,371.817 
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Mid vale, 3.2 miles south of, northeast comer of concrete culvert 727 A, 10 Feet. 

feet east of track; aluminum tablet stamped "4378-4 " 4. 378. 345 

Mid vale, 3.5 miles south of, in base of milepost 51; spike with aluminum 

tag stamped "4380" 4,380.495 

Midvale, 4.5 miles south of, in base of milepost 52; spike with aluminum 

tag stamped "4390" 4,390.225 

Riverton, 150 feet north of station, west side of track, in base of telephone 

pole; spike with aluminum tag stamped "4409 " 4, 409. 572 

Riverton, 0.5 mile south of, in base of milepost 54; spike with aluminum 

tag stamped "4411" 4,411.001 

Riverton, 1.5 miles ^uth of, in baae of milepost 55, spike with aluminum 

tag stamped * * 4417 " 4, 417. 389 

Riverton, 2 miles south of, 5 feet east of track, northeast comer of concrete 

culvert 722A; aluminum tablet stamped "4426-5" 4,425.968 

8TRAWBXBST VALLIT 90" QVADRANaLB (SALT LAKE l'* QVADRAITGLB). 
Deep Creek weit via Strawberry and Daniels oreeki to Heber. 

Deep Creek, 100 feet north of, 10 feet north of road, 400 feet west of inter- 
section of road with Deep Creek, in large sandstone ledge; bronze tablet 
stamped "7300 SLAK" (the rim of this tablet has been chipped off by 
Indians) 7, 300. 848 

Soldier Springs, 360 feet northwest of, in large sandstone ledge 200 feet 
north of road; bronze tablet stamped "7634 SLAK" 7,635.337 

Coal Creek, 200 feet north of, 250 feet north of road in canyon on south slope 
of hill, in large sandstone ledge; bronze tablet stamped "7750 SLAK".. 7, 751. 383 

Strawberry Creek, 300 feet north of north fork of, 50 feet north of trail, in 
granite bowlder at mouth of draw; bronze tablet stamped "7775 SLAK" . 7, 776. 519 

Divide between Strawberry Creek and Daniels Creek, summit of, 250 feet 
northof trail, in sandstone bowlder; bronze tabletstamped" 7994 SLAK" 7,995.567 

Daniels Canyon, north side of road, west end of grade, at mouth of small 
draw; iron post stamped "7112 SLAK" 7, 112. 968 

Daniels Canyon, 20 feet northeast of road, 150 feet southwest of creek, in small 
clearing, 3.8 feet southeast of canyon; iron post stamped "6580 SLAK " . . 6, 581. 565 

Daniels Canyon, 3 miles south of mouth of, 400 feet east of creek, 15 feet 
east of road on bench; iron post stamped "6227 SLAK" 6, 228. 316 

J. J. Howe's ranch, mouth of Daniels Canyon, 300 feet northeast of 
residence, 75 feet north of gate to, 20 feet northeast of road ; iron post 

stamped "6018 SLAK" 6, 020. 276 

COALVILLE SO' Q17ADRAHGLB (SALT LAKE 1** QUADRANGLE). 
B3mba]l fla Waaihlp, Oakley, Knight*! r&neh, Hallitone. and Park City to Kimball. 

Atkinson, SE. J sec. 10, T. 1 S., R. 4 E., near railroad on side of hill opposite 

Paces ranch on Silver Creek; iron post stamped "6444 SLAK " 6, 446. 585 

Wanship, sec. 20, T. 1 N., R5. E., in northwest corner of letter Day Saints' 

meetinghouse yard, iron post stamped "5860 SLAK " 5, 861. 548 

Rockport, sec. 4, T. 1 S., R. 5 E., east side of wagon road at southwest comer 

of public hall; iron post stamped "6009 SLAK " 6, 010. 094 

Peoa, sec. 23, T. 1 S., R. 5 E., in angle of fence at southwest corner of 

H. B. Williams yard, iron post stamped "6189 SLAK" 6,190.545 

Oakley, 0.5 mile north of, sec. 19, T. 1 S., R. 6 E., southwest of crossroads; 

iron post stamped "6515 SLAK" 6,516.613 

Marion, 0.5 mile north of, sec. 33, T. 1 S., R. 6 E., northeast of crossroads, 

beside main road; iron post stamped "6451 SLAK" 6,452.701 

Kamas, sec. 14, T. 2 S., R. 6 E., southwest corner of Main Street schoolhouse 

grounds; iron post stamped "6473 SLAK " 6, 473. 919 
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T. 3 S.y R. 6 E., near quarter comer on north side of hoc. 4, at side of county Feet, 
road on Provo River, in front of James A. Knight's house; iron post 
stamped "6505 SLAK" 6, 506. 561 

Hailstone, T. 2 S., R. 5 E., sec. 32, at junction of Provo River-Heber road 
with Park Oity-Heber road, 0.25 mile east of and across creek from Davis 
ranch, in front of schoolhouse; iron poet stamped "5959 SLAK" 5,960.505 

T. 2 S., R. 4 E., sec. 1, on summit of divide between Park City and Canyon 
leading down to Provo River, at point where wagon road crosses old rail- 
road grade; iron poet stamped "6726 SLAK" 6,727.642 

Hailstone via Heber to Midway. 

T. 3 S., R. 5 E., sec. 18, in southeast corner of Riverdale schoolhouse yard; 

iron poet stamped "5714 SLAK" 5,715.685 

Heber, in top of stone post near southeast corner of courthouse grounds; 

bronze tablet stamped "5593 SLAK" 5,594.334 

Midway, sec. 35, T. 3 S., R. 4 E., at comer of Main Street and Park City 

road on lotowned by Wallace E.Potter; iron poetstamped "5567 SLAK".. 5,568.545 

Wauhlp Tla ITiiion Paolllo H. H. to OoaMlto. 

T. 2 N., R. 5 E., near quarter comer on north side of sec. 33, 136 feet east of 
highway crossing; iron post stamped "5708 SLAK" 5,709.641 

Coalville, opposite southeast corner of station; top of east rail 5, 571. 4 

Coalville, 0.5 mile northeast of, sec. 8, T. 2 N., R. 5 E., south meridian mark 
stamped "5607 SLAK" 5, 608. 103 

Coalville, 0.6 mile northeast of sec. 8, T. 2 S., R. 5 E., north meridian mark 
stamped "5583 SLAK " 5, 584. 329 

OoalTille eait along waf on road np Cbalk Creek via ITpton to Wyoalnc State comer. 

T. 2N., R. 5E.,8ec. 1 1 , on east side of county road, 300 feet south of bend in 
road , below mouth of ' * The Narrows ; " iron post stamped * ' 5746 SLAK " . . 5, 747. 459 

T. 2 N., R. 6 E., sec. 5, at forks of main Chalk Creek road and road up south 
fork of Chalk ('reek, across creek from and 0.5 mile northwest of Huffman's 
ranch; iron post stamped "5938 SLAK" 5, 939. 396 

Upton, 0.5 mile east of post office, sec. 26, T. 3 N., R. 6 E., at southeast 
corner of Hchoolhouse yard, north side of county road; iron poet stamped 
"6182 SLAK" 6,183.318 

T. 2 N., R. 7 E., sec. 4, 160 feet east of bridge across CTialk Creek, 175 feet 
southeast of Deming schoolhouse, south side of county road; iron post 
stamped "6451 SLAK " 6, 452. 256 

T. 3 N., R. 7 E., sec. 35 at forks of main Chalk Creek road and East Canyon- 
Red Hole road, 40 feet east of Chalk Creek road and 100 feet north of Red 
Hole road, 200 feet below crossing of East Fork; iron post stamped "6712 
SLAK" 6,713.094 

T. 3 N., R. 8 E., sec. 20, 2 miles down canyon from Wyoming State comer, 

125 feet southeast of hg house; iron post stamped "6897 SLAK" 6, 898. 127 

T. 3 N., R. 8 E., sec. 16, Wyoming State corner, at head of Chalk Creek, in 
red stone post; bronze tablet stamped '* 7150 SLAK EVAN" 7,150.847 

Coalville north aloaf ITnlon Paoillo H. R. to Eeho. 

Grass Creek, sec. 32, T. 3 N., R. 5 E., west side of county road, 0.5 mile 
north of station, in front of brick residence; iron post stamped "6486 
SLAK" 5,487.577 

Echo, T. 3 N., R. 4 E., sec. 24, east side of wagon road at south end of street, 
under high hill; iron post stamped "5465 SLAK" 5,466.393 

Echo, in front of station, main line. Union Pacific R. R.; top of rail... 5,460.0 



Digitized by VjOOQ IC 



30 SPIRIT LEVELING IN UTAH, 189*7 TO 1910. 

Oakley Murt alons waf on road up Weber Canyon. Feet. 

T. 1 S., R. 6 E., sec. 12, at forks of main canyon road with road up south 
fork of Weber Canyon; iron post stamped "6787 SLAK".. 6,787.692 

T. 1 N., R. 7 E., sec. 31, at forks of main Weber River road and road leading 
over divide to south fork of Chalk Creek, across river from and about 
1 mile northeast of Greorge Wiles's ranch ; iron post stamped * '6983 SLAK" . 6, 984. 443 

T. 1 N., R. 7 E., sec. 26, at forks of road in main Weber Canyon with road 
leading up Smith and Moorehouse Canyon; iron post stamped "7308 
SLAK " 7, 308. 807 

T. 1 N., R. 8 E., sec. 30, 2 miles northeast of high timbered peak on south 
side of Weber River, 0.25 mile south of Weber River, 10 feet south of 
road, 200 feet south of large dark rock uorth of wagon road; iron post 
stamped "7607 SLAK EVAN" 7,608.305 

T. 1 N., R. 8 E., sec. 21, 50 feet west of bridge over Weber River, at old 
bridge and ford on Larrabee's ranch, 0.5 mile south of Larrabee's house 
and log bam, about 150 yards northeast of small lake, rock on road south 
and west of river; bronze tablet stamped "7682 EVAN " 7, 683. 184 

T. 1 N., R. 8 E., sec. 23, 100 feet north of old setting of sawmill, at foot of 
divide, about 3 miles west of Summit Pass over Uinta Mountains, at 
forks of wagon road to Holiday Park; iron post stamped "7855 EVAN " . . 7, 856. 540 

Kamai east alone Proro Bi?er to divide between Sonth Fork and Soapitone Batfn. 

T. 3 S., R.'6 E., east side of sec. 12, 1.3 miles east of Woodland post office, 
250 feet north of bridge across Provo River, 30 feet southwest of road; 
iron post stamped "6804 SLAK" 6,805.309 

T. 3 S., R. 7 E., sec. 15, R. L. Jones's ranch, 250 feet northwest of house, 
between forks of road up east and west forks of Provo Creek, 300 feet east 
of Provo River; iron post stamped "7129 SLAK" 7,129.938 

T. 3 S., R. 7 E., sec. 24, 0.5 mile southeast of Oot ranch, between forks of 
road, at base of grade, 0.5 mile north of South Fork of Provo River; iron 
post stamped " 7522 SLAK " 7, 523. 348 

T. 3 S., R. 8 E., about northeast comer of sec. 29, unsurveyed township, 
divide between South Fork of Provo River and Soapstone Basin, 70 feet 
south of road, in large sandstone bowlder; bronze tablet stamped "9285 

SLAK" 9,286.359 

HAYDSir PEAK 80" QUADRANGLE (XONTA V QUADRAlTaLE). 

8eo. 80, T. S V„ B. 10 S., alone upper Bear Bi?er and TeUow Creek Talleyf (part of dr- 
cnit extended from Eraniton, Wyo.). 

T. 3 N., R. 10 E., sec. 30, east bank of Bear River, 0.2 mile above mouth of 
West Fork, 5 feet west of road ; iron post stamped "8038 EVAN " 8, 039. 383 

T. 3 N., R. 10 E., sec. 31, on West Fork of Bear River, 1 mile southwest of 
mouth, west side of wagon road, 500 feet northwest of river; iron post 
stamped " 8106 EVAN " 8, 107. 660 

T. 2 N., R. 10 E., sec. 9, 0.5 mile east of Bear River, 3.25 miles above mouth 
of West Fork, large white flint rock at interBection of roads; copper bolt 
stamped "8327 EVAN" 8.328.202 

T. 2 N., R. 10 E., sec. 17, 180 feet east of mouth of East Fork of Bear River; 

iron post stamped ' ' 8330 EVAN " 8, 330. 694 

T. 2 N., R. 10 E., sec. 20, 2 miles northeast of mouth of Stillwater Fork, 0.2 
mile east of Bear River; iron post stamped "8418 EVAN " 8, 419. 241 

T. 2 N., R. 10 E., sec. 32, 0.8 mile above mouth of Hayden Fork, 12 feet 
east of wagon road, 300 feet from two old cabins on east bank of stream; 
iron post stamped "8587 EVAN" 8,587.688 
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T. 1 N., R. 10 E., sec. 4, on Stillwater Fork of Bear River, 1.25 miles south- F«et. 
east of mouth of Hayden Fork, 10 feet west of wagon road, eas^side of 
river; iron post stamped "8661 EVAN" 8,662.580 

T. 1 N., R. 10 E., sec. 15, on Stillwater Fork of Bear River, 3.6 mile^ south- 
east of mouth of Hayden Fork, east side of river; iron poet stamped 

**8792 EVAN" 8,793.317 

/ T. 1 N., R. 10 E., sec. 7, 3 miles from Bear River ford, west side of Hayden 

Fork, south of road junction; iron post stamped "8805 EVAN " 8, 805. 817 

T. 1 N., R. 9 E., sec. 24, on Hayden Fork, 6 mile.^ above its junction with 
Bear River, 12 feet east of wagon road, west side of fork, 2 miles above 

' bridge; iron post stamped "9048 EVAN " 9, 049. 510 

T. 1 N., R. 9 E., sec. 13, 3 miles southwe.4 of Hayden Fork, 25 feet south- 
east of wagon road, 8 feet north of large splintered rock; bronze tablet 
stamped "9466 EVAN " 9, 440. 641 

T. 1 N., R. 8 E., sec. 14, 3.5 miles southwest of Hayden Fork, 0.8 mile east 
of high divide between Hayden Fork and West Fork; iron poet stamped 
"9555 EVAN " 9, 529. 838 

T. 1 N., R. 9 E., sec. 15, 2 miles east of Summit Pass over range at head of 
Weber River, 2 miles north of Hayden Fork, top of divide between 
Hayden Fork valley and Deer Creek valley, 6 feet west of wagon road; 
iron post stamped "9960 EVAN " 9, 935. 252 

T. 2 N., R. 9 E., sec. 33, 160 yards south of west branch of Deer Creek, in 
Deer Creek valley; iron poet stamped "9000 EVAN " 8, 975. 362 

T. 2 N., R. 9 E., sec. 19, 1.8 miles south of old Moss sawmill, about 0.1 mile 
west of West Fork of Deer Creek, 1 mile north of old setting of Moss saw- 
mill, about 200 yards east of circular group of pines, 25 feet south of 
wagon road; iron poet stamped "9460 EVAN " 9, 435. 024 

T. 2 N., R. 9 E., sec. 17, 200 feet south of new Moss sawmill, 12 feet north of 
most southerly cabin in sawmill group; iron post stamped "9193 EVAN " 9, 167. 973 

T. 3 N., R. 9 E., sec. 31, 21 feet west of Yellow Creek, on road over divide 
to Deer Creek valley and sawmill, 45 feet we^t of road crossing of a west 
branch of Yellow Creek; iron post stamped "8237 EVAN " 8, 212. 031 

T. 3 N., R. 9 E., sec. 18, 15 feet east of junction of Yellow Creek road and 
road leading off it to Bear River, 40 rods west of Yellow Creek, 3 miles 
southeast of emigrant road crossing of Yellow Creek, 200 yards northeast 
of long quaking aspen grove on west side of road, about 0.5 mile west of 
long bare- topped hill across creek; iron post stamped "7608 EVAN". . . 7, 583. 153 

Dhride at head of Weber Bi?er OTer patt and down to head of Weber Blver. 

T. 1 N., R. 9 E., sec. 8, 1 mile northeast of pass at head of Weber River, 300 
yards north of lake, 100 feet north of small spring by lone balsam tree, in 
large rock 8 feet west of wagon road by rocky ravine; bronze tablet 
stamped "9533 EVAN "... 9, 508. 468 

T. 1 N., R. 9 E., sec. 17, 0.25 mile south of high, round-topped, bare hill, 
200 yards south of abandoned coal mine, top of divide near head of Bear 
River; iron poetstamped "9989 EVAN" 9,964.306 

T. 1 N., R. 9 E., sec. 18, 0.25 mile north of pass over divide near head of 
Weber River, 0.8 mile north of high bald-topped rocky peak with many 
rock slides on east side, on top of green bald hill, just north of pass near 
head of Weber River; iron post stamped " 10402 EVAN " 10, 403. 444 

T. 1 N., R. 9 E., sec. 18, 0.2 mile west of summit of divide, 5 feet south of 
road to Weber River and valley, 1 mile north of middle one of three 
high rocky peaks, in rock; bronze tablet stamped "9834 EVAN " 9, 834. 841 
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T. 1 N., R. 9 E., sec. 18, 1 mile west of Summit Pass over Uinta Mountains, Feet, 
about 0.6 mile wfcthwest of rough ledge of yellow rocks above pine jrrove, 
12 feet south of wagon road down Weber River; iron poet stamped "9222 
EVAN" 9,223.3feV 

Divide between Blf Xnddy Creek and Blacki Fork south to Fish Lake, thenoe east 
and north alone Blacks Fork to month of west fork of Blacks Fork of Oreen Btver. 

T. 3 N., R. 11 E., sec. 26, 1.7 miles northwest of sawmill on Fish Creek, at 
fr rks of old and new roads, in heavy pine timber, 300 feet southwest of 
park, large granite bowlder; aluminum tablet stamped "9615 EVAN " . . 9, 616. 389 

T. 2 N., R. 11 E., sec. 1, 950 feet southeast of Fish Lake, 20 feet ea-t of road 
in timber, 300 feet southeast of log hut, in laige bowlder; aluminum 
tablet stamped "9762 EVAN" 9,763.437 

T. 2 N., R. 12 E., sec. 6, 3 miles southeast of Fish Lake, 1.25 miles below 
intersection of P'ish Lake road and Blacks Fork road, at road forks, in 
bowlder beside mound of rocks; aluminum tablet stamped "9081 
EVAN " 9, 081 . 976 

T. 3 N., R. 12 E., sec. 28, 0.8 mile north of forks of Blacks Fork, 40 feet 
east of road, 500 feet north of small slough or park, 150 feet west of river, 
on bank, in large bowlder; bronze tablet stamped "8816 EVAN " 8, 817. 152 

Month of east fork of Blacks Fork east orer divide to Smith Fork. 

T. 3 N., R. 12 E., sec. 36, at summit and east edge of divide between Blacks 
Fork and Smith Fork, 10 feet north of road; iron post stamped "9900 
EVAN" 9,900.495 

East fork of Blacks Fork of Oreen Rlrer to Two Baldys. 

East fork of Blacks Fork, 800 feet southeast of junction of east and west 
forks of, 750 feet above ford, at right of wagon road, in small park, in large 
bowlder; bronze tablet stamped "9363 EVAN " 9, 363. 940 

Dhride between sonth fork of Proro Btver and Soapstone Basin, east to Wolf Creek. 

Old sawmill site, upper side of Soapstone Canyon, 175 feet southeast of road 
to Rhodes Canyon, near small gulch or drain in open country, in large 
limestone ledge; bronze tablet stamped ''9390 SLAK " 9, 391. 127 

Rhodes Canyon, west side of, 5 feet from edge of timber, in large granite 
bowlder; bronze tablet stamped "9383 SLAK" 9,383.708 

GILBERT PEAK 80' QUADRANGLE (UHTTA 1° QUADRAKGLE). 

West Fork of Smith Fork at old steel sawmiU sontheast to GUberts Creek, thenoe sonth 

to Two Baldys. 

West Fork of Smith Fork River, 400 feet west of, 500 feet northwest of ford 
of old steel sawmill site; iron post stamped **9373 EVAN " 9, 373. 505 

Gilbert Meadows, 1.5 miles south of south end of, 100 feet south of edge of 
small park in pine timber, near trees blazed and marked all around, in 
large bowlder; bronze tablet stamped *'9905 EVAN" 9,906.378 

Gilbert Meadows, 4.94 miles south of, in small saddle on divide, between 
east and west forks of Smith Fork, 4 miles N. 65° W. of Gilbert Peak, 125 
feet due east of small lake, in rock; bronze tablet stamped ** 10690 EVAN " . 10,691.121 

Two Baldys, saddle between, about 4 miles due west of Gilbert Peak, 
divide between Blacks Fork and Smith Fork, in large bowlder; bronze 

tablet stamped "11428 EVAN" 11,429.322 

Gilbert Meadows via sonth side of China Lake to west branch of Henrys Fork. 

GUbert Meadows, 1 mile east of, top of divide between east and west fork of 
Smith Fork, 10 feet north of road to China Lake, near mound of rock, in 
large bowlder; bronze tablet stamped *'9938 EVAN " 9, 938, 582 
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China Lake, 0.23 mile outheast of, 200 yards west of Conger cabin, 10 feet 
north of road, 400 yards west of east fork of Smith Fork, in large bowlder; Feet 
bronze tablet stamped "9401 EVAN " 9, 402. 071 

China Lake, 2.3 miles east of, top of divide between Henrys Fork and Smith 
Fork, 150 feet east of forks of blazed trails, in lai^ge bowlder; bronze tablet 
stamped* '10203 EVAN" 10,203.696 

RED CREEK 80' QITADRAITGLB (XONTA 1** QUADRANGLE). 
Wolf Crtek lonthMurt down Du Cheflue Rtyer to upper oroBiiiig of Heber road. 

Wolf Creek, 0.5 mile west of, northeast of junction of west fork of Wolf 
Creek, 75 feet north of road, in lai^ granite bowlder; bronze tablet stamped 
"7305 SLAK" 7,306.238 

Du Chesne River, 0.25 mile east of, 100 feet east of edge of bench, 200 feet 
southwest of trail, in large granite bowlder; bronze tablet stamped "6988 
SLA K " 6, 978. 486 

Du Chesne River, 0.25 mile east of, 300 feet east of trail, at point of red 
sandstone cliffs, in large sandstone ledge; bronze tablet stamped "6857 
SLAK" 6, 858. 391 

Indian Farms, 0.25 mile south of, 20 feet east of trail, 500 feet east of Du 
Chesne River; iron post stamped "6624 SLAK" 6, 624. 842 

Du Chesne River, 0.25 mile east of upper crossing of road to Heber, in west 
fsLce of large sandstone ledge 9 feet across, 0.2 mile east of road fork, 150 
feet west of base of sandstone ridge in sagebrush flat; point on ledge (tab- 
let removed by Indians) 6,428.580 

Dn Chesne RlTer at npper crossliif sonth via Heber road to Deep Creek. 

Du Chesne River and Red Creek, divide between, on south side of Dry 
Canyon (commonly known as "Nigger Heaven"), in sandstone ledge, 50 
feet north of road ; bronze tablet stamped ' ' 6851 SLAK " 6, 852. 683 

Du Chesne River, 7.5 miles south of, 30 feet north of Heber road, in sand- 
stone ledge on small divide; bronze tablet stamped "6717 SLAK" 6,718.476 

Red Creek, 3.5 miles northeast of, on east slope of divide, 250 feet south of 
road, 0.8 mile east of forks of road to Fort Du Chesne and upper crossing, 
in north end of long sandstone ridge ; bronze tablet stamped * * 6560 SLAK " . 6, 561. 361 

Red Creek, 1,000 feet east of, south side of road ascending to terrace, in 
sandstone bowlder 7 by 9 by 8 feet; bronze tablet stamped "6553 SLAK " . 6, 553. 852 

Red Creek and Current Creek, top of divide between, 1.25 miles east of 
Current Creek and 50 feet north of old trail over divide, in south face 
of large sandstone ledge 10 by 10 by 8 feet; bronze tablet stamped "7104 
SLAK" 7,105.002 

Current Creek and Deep Creek, divide between, 10 feet to right of road in 
lai^ge sandstone ledge; bronze tablet stamped "7393 SLAK" 7, 394. 910 

ITpper oroniiic eafft down Dn Chene River. 

Du Chesne River, 3.5 miles southeast of upper crossing of, 100 yards north 
of first ford across river, 60 feet east of road; iron post stamped "6268 
SLA K " 6, 258. 214 

Rock Creek, 300 yards cast of, 0.25 mile east of mouth of, north edge of 
Tabby farm, south of road near fence; iron post stamped "6029 SLAK". . 6, 030. 199 

THEODORE 80" Q17ADRAHGLE (XONTA 1" Q17ADRAN0LE). 

Rook Creek down Dn Cheane Rtrer to Lake Fork bridge. 

Rock Creek, 3 miles southeast of, 500 feet east of Du Chesne River, 26 feet 

east of trail; iron post stamped "5900 SLAK" 5,90L255 

100168^— Bull. 489—11 3 
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Rock Greek, 6.8 miles south of, 0.25 mile east of Du Chesne River, at io/tka Feet, 
of road; iron post stamped "5789 SLAK" 5,790.640 

Du Chesne bridge, 300 feet east of, at forks of road over Blue Bench, 3.5 
miles above Strawberry Creek; iron post stamped "5648 SLAK" 5, 638. 547 

Theodore, mouth of Strawberry Creek, 100 feet east of Du Chesne River, 
at point of ridge, forks of roads to "Nigger Heaven " and up Du Chesne 
River; iron post stamped "5517 SLAK" 5,507.763 

Indian Canyon, 1.25 miles west of, 50 feet north of road, 500 feet north of 
river, on first bench, 0.25 mile west of point of timber; iron i)ost stamped 
"5378 SLAK" 5,368.288 

Du Chesne River, 300 feet north of, on side of hill at point where road goes 
over bench to Lake Fork, in sandstone ledge; bronze tablet stamped 
"5314" SLAK" 5,304.779 

Lake Fork bridge, 100 feet east of, at mouth of Lake Fork, on north side of 
road; iron post stamped "5117 SLAK" 5,117.934 

Lake Fork brldgo and Dn Cheime Rt?er aortbwMt alone road to mpper oroMliic of Du 

Cheine Rtver. 

Lake Fork bridge, 3.1 miles northwest of, 500 feet west of road, 0.25 mile 
west of river, 200 feet north of small knoll, on large sandstone ledge; 
bronze tablet stamped "5170 SLAK" 5, 17L 144 

Lake Fork bridge, 6.20 miles northwest of, 300 feet east of road and fence 
at Red Caps farm, on northwest end of long sandstone ridge; bronze 
tabletstamped "534&SLAK" 5, 349. 363 

Blue Bench, east edge of, 15 feet north of road, 11 miles northwest of Lake 
Fork bridge; iron post stamped "5950 SLAK" 5, 951. 498 

Blue Bench, 3 miles west of, about center of east edge, 10 feet south of 
road, 0.25 mile south of lone bunch of cedars; iron post stamped "5989 
SLAK" 5,990.444 

Konth of Lake Fork east alone road toward Fort Da Chene. 

Du Chesne bridge, 1.8 miles northeast of, 4 miles east of Lake Fork 
bridge, on edge of second bench, 30 feet north of road to Fort Du Chesne; 
iron post stamped * ' 5150 EVAN " 5, 124. 215 

MARSH PEAK 80' QUADRANGLE (ASHLEY V QUADRAHGLB). 

Point near Burnt Fork, Wyo., to Vernal, thence sonthweit via Halfway Hollow and 
Fort Dn Cheme to Lake Fork bridge. 

Burnt Fork, Wyo., 4 miles south of post office, in Utah, 0.5 mile west of 
Birch Creek, 6 feet north of road, in large flat bowlder; bronze tablet 
stamped ' ' 7537 EVAN " 7, 51 1. 861 

Hills ranch, 2 miles southeast of, 250 feet east of east road to Vernal on side 
of hill, 0.5 mile east of Zeke Edwards* sawmill, in sandstone ledge; bronze 
tabletstamped* '7896 EVAN" 7,870.977 

Carter dugway, top of, 20 feet west of road, 12 miles southeast of Burnt Fork, 
in limestone ledge; bronze tablet stamped ** 8760 EVAN" 8,734.529 

Lodgepole Creek, 0.34 mile south of, top of divide between Lodgepole Creek 
and Sheep Creek drainage, 400 feet north of Sheep Creek canal, 25 feet 
east of road, in limestone bowlder; bronze tablet stamped **8772 
E V AN " 8, 74a 109 

Sheep Creek, 750 feet south of, top of ridge, at edge of large park, 40 feet 
west of road, in large bowlder; bronze tablet stamped **8682 EVAN "... 8, 656. 646 

Beaver Creek, 75 feet north of, at southeast end of park, in head of small 
canyon, 300 feet southeast of Sheep Creek, 4 feet north of road, in ledge 
of sandstone; bronze tablet stamped "8477 EVAN " 8, 451. 465 

Icy Hill dugway, center of, 6 feet west of road, 0.9 mile south of Carters 
Creek, in sandstone ledge ; bronze tablet stamped * * 8250 EVAN " 8, 224. 825 
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Young Springs, 300 feet north of, east of ford, 12 feet south of road, in large Feet, 
bowlder; bronze tablet stamped "8419 EVAN " : 8, 393. 838 

Summit of Uinta Mountains, 3.7 miles south of Young Springs, 4 feet east 
of road, in sandstone ledge; bronze tablet stamped ' ' 9893 EVAN '' 9, 866. 949 

Pat Carl sawmill, 4 miles southeast of summit, 300 feet north of sawmill set, 
15 feet north of road, in large bowlder; bronze tablet stamped "9589 
EVAN " 9, 563. 784 

Oakes sawmill, 0.25 mile south of, 300 feet east of Trout Creek, 15 feet 
south of road, in large bowlder; bronze tablet stamped "9312 EVAN " . . 9, 286. 365 

Old Government sawmill, 0.3 mile south of, in south end of Government 
Park, at intersection of old corduroy road, in sandstone rock 6 by 4 by 3 
feet; bronze tablet stamped "9132 EVAN " 9, 106. 594 

Taylors Canyon, top of hill, south of road, 30 feet west of road, 2.85 miles 
southeast of Government sawmill, 1.2 miles north of Dippens, in large 
sandstone bowlder; bronze tablet stamped "9008 EVAN " 8, 982. 638 

Dodds cabin, 1.3 miles southeast of, 19 miles northwest of Vernal, 10 feet 
east of road, in aspen timber, in large bowlder; bronze tablet stamped 
"8781 EVAN " 8, 755. 921 

Ashley dugway, foot of, 14 miles north of Vernal, 30 feet east of road, in 
sandstone bowlder 8 by 8 by 5 feet; bronze tablet stamped "7960 
EVAN " 7, 933. 889 

Ashley Hill, foot of, 30 feet west of road, in cedars, 12 miles north of Vernal, 
in sandstone ledge ; aluminum tablet stamped "6616 EVAN " 6, 590. 429 

Spring Creek, 300 feet west of, 2.5 miles south of Ashley Hill, 5 feet west 
of road, in sandstone ledge; aluminum tablet stamped "6125 EVAN " . . 6, 099. 617 

William Gibson's ranch, 2.6 miles northwest of, 20 feet north of road, in 
center of sand gulch, on sandstone ledge; aluminum tablet stamped 
"5744 EVAN" 5,718.326 

William Gibson's ranch, center of sec. 2, T. 4 S., R. 21 E., east side of road, 
north side of gate, in front yard, edge of lawn, large sandstone shaft in 
ground; aluminum tablet stamped "5400 EVAN " 5, 374. 690 

8«o. 17, T. S S., R. 21 E., sonthweit alonf road down Spilnf Creek to Aahley Creek, 
thenoe north weit alonf road np Dry Fork to Dry Fork ▼Ulare (doable-rodded Une). 

T. 3 S., R. 21 E., S. i sec. 17, 300 feet west of Spring Creek, 2.5 miles south 
of Ashley Hill, 5 feet west of road, in sandstone ledge; tablet stamped 
"6098" 6,099.665 

T. 3 S., R. 21 E., S. i sec. 30, near mouth of Dry Fork, 1,000 feet west of 
. Brown's house, 200 feet from road fork, between roads from Vernal to 
Burnt Fork and Dry Fork, in bowlder; tablet stamped "5822 " 5, 823. 722 

T. 3 S., R. 20 E., SW. } sec. 24, in Dry Fork Canyon, near mouth of Cinder 

Point Canyon, 10 feet south of road, on large bowlder 6, 058. 756 

T. 3 S., R. 20 E., NW. } sec. 23, 1 mile south of ranch house, in Dry Fork 
Canyon, on southwest side of road, 50 feet west of gate on northeast side 
of road, in sandstone ledge; .tablet stamped "6296" 6, 297. 218 

Dry Fork village, T. 3 S., R. 20 E., near schoolhouse, in bowlder; tablet 
stamped "6467" 6,468.728 

Lonetree to Bridgeport (portion of Une).^ 

Linwood, forks of main road and road to Lin wood store; iron post stamped 

"6024" 6,013.528 

Finches ranch, opposite, on summit; iron post stamped "5977 " 5, 975. 833 

1 For other parts of this line see Twin Buttes and Aspen Mountains quadrangles, Wyoming, and 
Browns Park quadrangle, Utah (p. 36). 
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36 SPIRIT LEVEUNG IN UTAH, 1897 TO 1910. 

BR0WV8 PARK QVADRAirOLB (ASHLBY V QUADRAITOLB). 
Lonetne to Brldgoport (portion of line).* 

Grouses ranch, 50 feet west of road, between residence and bam, in stone Feet. 

on bank; tablet stamped *' 5440" 5,438.636 

Diamond Mountain, at foot of, in stone opposite road to spring; tablet 

stamped'* 5688" 5,689.163 

VERNAL 80' Q17AD&AN6LB (ASHLEY V QUAD&AHOLB). 
Vernal loathwett along road to point f .# mUei west of Fort Dn OImom. 

Vernal, southeast comer of Adiley Cooperative Store building, in capstone; 
aluminum tablet stamped * ' 5356 EVAN " 5, 330. 771 

Vernal, 3 miles west of, at tum due west, in telephone road to Vernal and 
Fort Du Chesne, 5 feet west of comer of crossroads, in sandstone bowlder; 
aluminum tablet stamped **5477 EVAN ". 5,451.421 

Vernal, 5.9 miles west of, west side of open cut, top of divide between 
Ashley Valley and Halfway Hollow, in sandstone ledge; aluminum 
tablet stamped ' * 5801 EVAN " 5, 775. 625 

Vernal, 9.5 miles west of, 0.6 miles east of Halfway Hollow, 75 feet north 
of stage road, at point of sandstone ridge and dry wash; aluminum tablet 
stamped ''5301 EVAN" 5,274.868 

Vernal, 13 miles west of, 60 feet north of road, point of ridge 2.5 miles east 
of Halfway Hollow, in sandstone ledge; aluminum tablet stamped 
*'5048 EVAN" 5,022.611 

Halfway station, between Vernal and Fort Du Chesne, 200 feet south of 
forks of road, in large sandstone bowlder; aluminum tablet stamped 
"5030 EVAN" 5,004.169 

Fort Du Chesne, 7.8 miles east of, 3.5 miles west of Halfway Hollow, 25 
feet south of road, top of divide between Ute Fork and Halfway Hollow, 
in sandstone ledge; aluminum tablet stamped **5305 EVAN " 6, 279. 021 

Fort Du Chesne, 4.1 miles east of, 1 mile east of Gilsonite mines on the 
Strap, base of sandstone cliff, in sandstone ledge; aluminum tablet 
stamped "5118 EVAN " 6,092. 108 

Fort Du Chesne, 10.9 feet south of point of southeast comer of quarter- 
master's oflSce, 17.5 feet west of gate, in yard, in sandstone in ground; 
aluminum tablet stamped "5016 EVAN " 4, 989. 943 

Fort Du Chesne, 5.5 miles west of, 225 feet north of road, at point of rocks; 
aluminum tablet stamped "5029 EVAN " 5, 002. 871 

1 For other parts of this line see Twin Buttes and Aspen Mountains quadrangles, Wyoming, and 
Iforsh Peak quadrangle, Utah. 
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MINERALOGICAL NOTES-SERIES 1. 



By WAIJ3EMAB T. SCHALLEB. 



INTRODUCTION. 

The miscellaneous papers here assembled are submitted as a report 
on the mineralogical work of research character conducted by the 
author in the chemical laboratory of the United States Geological 
Survey from 1905 to 1909. A similar report on earlier work (1903- 
1905) was published as Mineralogical Notes in Bulletin 262 (1905), on 
pages 121-144. Besides these papers, a report on an investigation 
of the mercury minerals of Terlingua, Tex., made in collaboration 
with Dr. W. F. Hillebrand, has been published as Bulletin 405, and 
the study of the tourmaline field of southern Califomia has been 
continued. 

Many of the minerals described in this Bulletin were received for 
identification and study from members of the United States Geo- 
logical Survey. Some specimens, however, were received from pep- 
sons not directly connected with the Survey, and a few were collected 
by the author in Califomia. Several investigations could not be 
completed, owing to loss of material by fire on December 16, 1908, 
Certain of these interrupted studies will be pursued further as oppor- 
tunity affords. 

Some of. the papers have, in substance, if not in the exact form 
here reproduced, already appeared in scientific journals. A number 
of these papers were originally written and published in conjunction 
with some of the geologists of the Survey. Full credit has been 
given to these geologists for their contributions, some of which have 
been slightly rearranged. 

A report similar in character to this one and giving the results of 

studies extending from January, 1910, to July, 1911, has been 

prepared and submitted for publication as a Bulletin entitled 

''Mineralogical notes — series 2." 
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CHEMICAL COMPOSITION OF HULSITE AND PAIGEITE. 

INTRODUCTION. 

A description of two new borates^ hulsite and paigeite, was pub- 
lished in 1908^ by the writer in conjunction with Adolph Knopf, 
who discovered these minerals in Alaska. These borates contained 
both ferrous and ferric iron, magnesia, and a small amount of water. 
The boriQ acid was determined by distillation with methyl alcohol 
and subsequent weighing as lime borate, and although only a sin^ 
determination was made for each mineral/ the analyses footed up 
well and the ratios were so close to simple numbers that no doubt was 
entertained as to the correctness of the residts obtained. Later, 
however, Prof. F. W. Clarke, chief chemist of the Geological Survey, 
informed the author that the determination of boric acid in minerals 
was being investigated by E. T. Wherry and W. H, Chapin, under 
the direction of Prof. Edgar F. Smith, of the University of Pennsyl- 
vania, and through the kindness of Prof. Smith the boric acid content 
of the new minerals was redetermined by methods devised by Wheny 
and Chapin.' By this redetermination it was found that the amounte 
first obtained were much too high. Another examination of the 
minerals, made to explain the discrepancy, showed the presence of 
tin in appreciable quantity in both minerals. It therefore became 
necessary to revise and extend the original analyses in order to fix 
definitely the composition of the minerals. 

OCCURRENCE AND ASSOCIATION. 

The occurrence of these borates and their relation to the tin 
deposits of Alaska have been described by Knopf. A sunmiaiy of 
his description, together with brief mention of the associated minerak, 
follows. 

The Alaskan tin deposits of known economic importance, which 
are limited to the extreme western part of the Seward Peninsula, 
about 100 miles northwest of Nome, are genetically associated with 
granitic intrusives which have invaded limestones of Paleozoic age. 
Along the margins of the granite bosses an intense pneumatolytic 

1 Knopf, A., and Sohaller, W. T., Two new boron minerals of contact meUtmoiphie origin: Am. Jou: 
Soi., 4th ser., vol. 26, 1906, p. 328. 
s Determination of borio add in insoluble siUoates: Jour. Am. Chem. Soc, voL aO» 1906, p. 1087. 
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contact metamorphism has frequently been produced and a con- 
siderable variety of minerals developed. The largest granite boss of 
the region is that of Brooks Mountain, and the most energetic contact 
action is displayed along its periphery. Tin deposits also occur in 
connection with a smaller intrusive a few miles south. 

On the northeast flank of Brooks Moimtain a prospect cut has been 
opened on an exposure of contact metamorphic minerals occurring in 
marmorized limestone 10 feet from the granite contact. Examina- 
tion of this deposit showed hulsite, often intergrown with magnetite 
and vesuvianite, in considerable abimdance. In the hand specimen 
taken from this exposure brown-^een vesuvianite, magnetite, hul- 
site, and brown garnet occur scattered through a matrix of coarse 
white calc-spar. Occasionally some fluorite is visible. The char- 
acteristic forms of vesuvianite are a{100}, m{110},/{120}, c{001}, 
p{lll}, ^{331}. Less prominent forms are Jl{130}, ^{113}, i{112}, 
6{221}. Among rare and somewhat doubtful ones are {160}, {180}, 
{1.10.0}, t;{151}, and a few others. The angles measured are given 
in the table below. 

Farms and angles for vesuviamU. 



Let- 
ter. 


Sym- 
bol. 


Reflec- 
tion. 


Size of face. 


Measured. 


Calculated. 


4> 


P 


4> 


P 


a 
c 

?) 
(?) 

h 
f 

m 

V 

d 

i 

I 

t 


100 
001 
1.10.0 
180 
150 

130 
120 
110 
151 
113 

112 
111 
221 
331 


Fair.... 
Fair.... 
Poor... 
Poor... 
Poor... 

Poor... 
Poor... 
Fair.... 
Poor... 
Poor... 

Poor... 
Fair.... 
Poor... 
Poor... 


Large 


o / 

00 


o / 

90 00 
00 
90 00 
90 00 
90 00 

90 00 
90 00 
90 00 
69 47 
14 20 

20 54 
37 17 
57 03 
66 42 


o / 

00 

*"5"43' 

7 08 

11 19 

18 26 
26 34 
45 00 
11 18 
45 00 

45 00 
45 00 
45 00 
45 00 


o / 

90 00 
00 
90 00 
90 00 
90 00 

90 00 
90 00 
90 00 
69 57 
14 13 

20 49 
37 14 
56 40 
66 19 


Medium 


Line face 

Line face 

Line face 

Line face 

line face 

Mediiim 

Minute 

Line face 

Line face 

Tiftige 


5 49 

7 13 

10 47 

18 26 
26 14 
45 00 
10 01 
45 00 

45 00 
45 00 
45 00 
45 00 


Narrow 

Narrow 



The fomis {1.10.0}, {180}, and {150} are too doubtful to warrant 
their establishment as well defined without additional confirmation. 
On the Alaskan mineral, they form the merest striae, and the close 
agreement in angles for {1.10.0} and {180} may be accidental. 
When the vesuvianite is treated with fluorite mixture, it gives a dis- 
tinct boron flame, and as it contains 0.89 per cent B^Og is regarded 
as belonging to the variety wiluite. The magnetite shows o{lll}, 



Digitized by VjOOQ IC 



10 



MINEBALOOICAL NOTES — 8EBIES 1. 



m{311}, a{100}, and ({{110} with om large and a<2 small. The angle 
are shown below. 

Forms and angles for magnedU, 



Symbol. 


Measured. 


Calculated. 


aAm=001A113 
a/\o =001A111 
aAd «001A101 


o / 

25 20 
54 42 
45 06 


o / 

25 14 
54 44 
45 00 



The characteristic features of hulsite are its strong metallic luster 
black color, good prismatic cleavage, and tendency toward tabular 
development. Its surface weathering is almost identical with that 
of magnetite, and it may, on casual inspection, easily be confounded 
with that mineral. The tabular individuals of hulsite vary in thick- 
ness from a fraction of a millimeter to a little more than a centimeter, 
so far as known. Under the microscope it is absolutely opaque, and 
appears dark black in reflected light. 

Thin sections show that magnetite is often intimately intergrown 
with the hulsite, from which it may be distinguished by its bright 
metallic reflection. 

The other mineral, paigeite, which was f oimd at Brooks Moimtain 
in loose blocks and at Ear Mountain, 40 miles northeast, in place, is a 
lustrous, coal-black mineral of foliated appearance. A thin section 
of the matrix from Brooks Mountain shows vesuvianite, calcite, 
hedenbergite, a small amount of biotite, and arsenopyrite in sporadic 
grains. The paigeite is abundant, and occurs in many places in 
capillary or trichite-Uke forms transfixing the various other asso- 
ciated minerals. At Ear Mountain a granite intrusion has produced 
an extensive development of contact metamorphosed limestones, 
especially lime silicate homfels, some of which is flecked with paigeite 
and chalcopyrite. Under the microscope this variety of homfels is 
seen to consist of a confused inteigrowth of calcite, zonally banded 
tourmaline, pleochroic in tones of blue and brown, vesuvianite, 
fluorite, and zoisite, with accessoiy phlogopite, chalcopyrite, and 
magnetite. Paigeite fibers and matted aggregates are embedded in 
the various constituent minerals, especially in the tourmaline and 
calcite. 

NOTES ON CHEMICAIi EXAMINATION. 

GENERAL STATEMENT. 

These borates, hulsite and paigeite, which are similar in composi- 
tion, contain ferrous and ferric iron, magnesia, tin, water, and boric 
acid. In solutions of samples in hydrochloric acid, silica, almnina, 
and lime, derived from the gangue, also appear. . 
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The results of considerable work performed on these mmerals 
herem presented are not altogether satisfactory. A complete revision 
of all the chemical data is highly desirable, but such revision, in 
order to make determinations exact, would require new material, 
in considerable quantities, free from gangue. 

The present investigation was carried on under great disadvan- 
tages, for the amoimt of material for analysis was insufficient and 
the presence of foreign matter in very appreciable quantities could 
not be avoided. Less than a gram of huLsite free from magnetite, 
was available, and only a few grains of paigeite could be obtained 
in approximately pure condition. In consequence, solutions to 
various questions that developed after some of the analyses had been 
completed could not be worked out, owing to lack of material. 
Individual samples of the minerals, moreover, differed somewhat in 
composition, owing to the nature of the gangue and to isomorphous 
replacements in the minerals themselves. All these conditions, 
which were brought out as the analyses progressed, served to render 
the results unsatisfactoiy. 

A brief description of the gangue and a somewhat more detailed 
account of certain of the analytical methods employed will be given 
in order to present properly the evidence on which are based the 
formulas here proposed for hulsite and paigeite. 

THB OANOUB. 

The material here designated as gangue comprises those minerals — 
vesuvianite, arsenopyrite, and several others — ^which were associ- 
ated with the borates and could not be separated from them. The 
amount of gangue present in the specimens available for analysis 
ranged from 10 to 30 per cent. Hulsite is in nearly all specimens 
mixed with magnetite, and nonmagnetic hulsite seems to be extremely 
rare. In the preparation for the new analyses all the material 
available was broken up and the hulsite was picked out with a hand 
lens. The greater part of the hulsite — that in which magnetite was 
present — was then removed with a magnet, leaving less than a gram 
of nonmagnetic and magnetite-free material, which, however, con- 
tained appreciable amounts of vesuvianite, calcite, and other gangue 
minerals. This sample is referred to later as hulsite sample No. 3. 

The samples of paigeite comprised several pieces about an inch 
thick. The mineral is coal black and massive and of laminated or 
radiating fibrous structure. The gangue, with which it is intimately 
mixed, is stained brown, presumably by ferric oxide. Samples of the 
black paigeite were so selected as to exclude all visible gangue; 
but a microscopic section of one sample showed that the paigeite 
occurs as small fibers and irregular masses as inclusions in tiie gangue 
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minerals and it therefore contains considerable extraneous matter- 
generally about 20 per cent. 

A small amount of arsenopyrite is always present, even though 
none is visible to the eye, and appears amid the main mass of whiti^ 
residue after the paigeite is dissolved out by hydrochloric acid. 
Microscopic examination indicates that this gangue or whitish residue 
is for the most part vesuvianite. Calcite and magnetite seem, in 
general, to be absent from the massive paigeite samples, but, in addi- 
tion to the araenopyrite, tourmaline and fluorite may be present in 
varying but small quantities. When the paigeite is dissolved out 
by hydrochloric acid, these substances remain behind and may be 
filtered oflF. 

Certain conditions, however, indicate that the gangue as a whole 
is considerably attacked and dissolved by the acid. First, more 
than 3 per cent of silica was found in the hydrochloric acid solution 
of one sample of paigeite. Whether the silica has isomorphously 
replaced the tin in the borate or whether it comes from the gangue 
is not definitely known, but the latter supposition is by far the most 
plausible. The excessive values for gravimetric R^O, determinations, 
which are always several per cent higher than the total amotmt of 
iron, are doubtless due to silica and alumina derived from the gangue. 
Confirmation of the presence of alumina in the solution, however, 
would not necessarily point to the gangue as its source, for it might 
come from the iron borate as an isomorph of Fe^Oj. Second, some of 
the gangue, as shown by the microscope, is stained yellow by iron 
chloride. Hydrochloric acid does not dissolve the stain, and this 
fact seems to show that the gangue either consists in part of, or is 
coated by, a layer of colloidal matter able to retain the iron chloride. 
Crystallized vesuvianite, which is unattacked by acid, is not able 
to retain the iron chloride stain so tenaciously. Third, when the 
gangue or insoluble residue was heated at 110*^ to constant weight 
it retained considerable water, which was not given oflf until the 
crucible was heated to a low red heat. If the gangue were unat- 
tacked, its weight dried at 110° should be but Httle, if any, more than 
what it weighs on being ignited. The percentages of the insoluble 
gangue of paigeite, first dried at 110*^ to constant weight and then 
carefully ignited, follow: 

Percentage of insoluble gwngue in paigeite. 





No. 6. 


No. 6. 


No. 7. 


Insoluble gangue dried at 110° 


20.24 
17.32 


20.60 
17.61 


19.29 
16.99 


Insoluble gangue ignited 
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The presence in the paigeite solution of considerable calcium, 
which was shown by qualitative tests on small pieces of the purer 
mineral to be almost absent from some samples of the borates, also 
indicates the extent to which the gangue is attacked. The silica and 
bases thus entering into solution seriously complicate the interpreta- 
tion of the analyses. 

When vesuvianite and arsenopyrite, the chief constituents of the 
gangue of paigeite, are ignited, they decrease somewhat in weight. 
Arsenopyrite changes in accordance with the following reaction: 
2FeAsS + 1 GO = Fe,0, + AsjO, + 2S0,. The weight of the ferric oxide, 
which remains after the reaction, is about half that of the arseno- 
pyrite; therefore half the weight of the arsenopyrite is lost in igni- 
tion. Vesuvianite loses only about 2 per cent water when heated, a 
loss which, if the amount of material in the paigeite sample were 
15 per cent, would amount to 0.3 per cent. The amount of arseno- 
pyrite in the original samples of paigeite is about 2 per cent, and 
when the gangue is ignited there is a loss of half this amount plus 
the 0.3 per cent loss of vesuvianite, making a total loss of 1.3 per cent. 
This amount must therefore be added to the final value of the ignited 
residues of paigeite, as has been done in the analyses given in this 
^aper. 

The amount of calcite in the gangue is generally very small and 
was not determined in these investigations. The per cent was 
largest in hulsite sample No. 3. Magnetite was removed from all 
the samples of hulsite except No. 2, a magnetite-hulsite mixture. 

METHODS OF ANALYSES. 

Ferrous iron is present in both borates in large amount, and was 
determined by a modification of Pratt's method, which has been 
shown by W. F. Hillebrand to give reliable values.* Both new 
borates here described dissolve readily in hydrofluoric acid, so that 
no diflSculty was experienced in making the ferrous-iron determina- 
tions. The hulsite powder was always coarser than 100 mesh and 
the paigeite powder coarser than 60 mesh, so that very little, if any, 
oxidation of the ferrous iron resulted from the grinding. That such 
oxidation occurs and may be extensive has recently been shown by 
Mauzelius.^ Oxidation due to grinding is considerable on the FeO 
contained in these borates, for in paigeite the amount for FeO falls 
from 44 per cent in <20> 60-mesh material to 39 per cent in the 
same material finely ground. The data given below indicate the 
results of grinding paigeite and a similar borate, ludwigite, from 
Hungary. 

1 The analysis of silicate and carbonate rocks: Bull. U. S. Oeol. Suirey No. 806, 1907, p. 138. 

* Sverlges Oeol. UndeisOknlng, Yearbook 1, No. 3, 1907. Consult Chem. Abstract, 1907, p. 2801, for an 
abstract of this article. See also Hillebrand, W. F., The hifluence of fine grinding on the water and f^rT0U9- 
iion pontent of inineral9 ltn<} ropka: Jour. Am. Ch«m. Boo., vol. 30, 1908, p. 1120, 
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Oxidation df/erroiu iron on samples of paigeite. 



Pratt's method. 



Cooke's method. 



FeO«;40> 100 mesh): 

At beginmng of test. . . 

After grinding 1 hour. 

After grinding 2 hours 

After grinding 7 hours. 
FeO«20>40mesh): 

At beginning of test. . . 

After grinding 1 hour. 

When finely groimd . . . 



Per cerU. 

43.87 
41.38 
40.23 
39.78 

44.30 
42.24 
39.39 



Percent. 



43.91 
40.88 
39.98 
39.59 



A sample of ludwigite containing about 16 per cent of ferrous iron 
gave the following results on the oxidation of FeO by grinding: 

Oxidation of ferrous iron on ludwigite (two determinations by Pratt* s method). 



FeO«;20>40me8h): 

At beginning of test 

"When crushed to 120 mesh 
When finely groimd 



Per cent. 
15.84 
15.50 
15.43 



Percent. 
15.88 
15.53 
15.34 



The oxidation of ludwigite is not neariy so great as that of paigeite, 
the remarkable oxidation of which is probably largely due to the 
presence of an abundance of gangue material, such as vesuvianite 
and arsenopyrite, much harder than the borate itself. 

The amount of ferrous oxide given in the analyses of hulsite and 
paigeite also includes that of the vesuvianite present, but this amount 
is probably so small that it may be neglected. The vesuvianite has 
not been analyzed, but the ferrous iron in it is doubtless less than 1 
per cent. The arsenopyrite present had no effect on the determina- 
tion of ferrous oxide, for the mineral particles were so large that the 
arsenopyrite remained undissolved in the hydrofluoric-acid solution. 

The total iron content of the borates, and thereby the amount of 
ferric iron present in them, was determined in the usual manner by 
dissolving the precipitated RjOs i^ sulphuric acid or by fusion of the 
ignited precipitate with sodium pyrosulphate and subsequent titra- 
tion with potassium permanganate. By fusing the ignited precipi- 
tate the silica present could be recovered and determined. 

The amount of tin was determined by precipitating it with H,S 
from the HCl solution of the minerals and by weighing it as oxide. 
The easy solubiUty of both the minerals in cold dilute acid indicates 
that the tin occurs as some form of stannic acid. QuaUtative tests 
showed that the tin was present in solution in the stannic condition. 
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Boric-acid determinations were made in the original analyses by 
distilling with methyl alcohol. It is not known why high results 
were obtained, for the method is more likely to give low values. 
The method adopted for the reanalyses of the borates, that proposed 
by Wherry,* was first tested on samples of known BjO, content. 
The values here given do not agree closely, because of the small 
amount of material available and the varying amount of gangue 
present in the samples. 

The percentage of water was determined by heating the mineral 
to be tested (size <20> 60 mesh) in a glass tube and weighing the 
water directly in a portion of that tube (Penfield's method). 

As the determination of total water was made on coarse material 
the amount of hygroscopic water in the sample was reduced to a 
minimum. What increase in the water content is caused by grinding 
these borates is not known, but experiments with ludwigite, a mineral 
of analogous composition, show that a very considerable amount of 
water is taken up. (See p. 16.) Total water determinations for 
such minerals as these borates must, therefore, to be of value, be 
made on coarse* material, such as was used in these investigations. 
It is beUeved that the water content given for these minerals is an 
essential part of their composition, rather than hygroscopic or acces- 
sory water, but definite proof of this hypothesis is lacking, and future 
work may show the water associated with these two minerals to be 
extraneous. Hillebrand,' who has made a study of the effect of grind- 
ing on the ferrous-iron content of minerals, called the writer's atten- 
tion to these conditions, which served to explain the varying results 
first obtained on paigeito for ferrous iron. 

The same general method was followed in the analyses. The 
powdered or coarsely crushed sample was treated in a beaker with a 
small amount of HCl and allowed to stand some hours. Platinum 
dishes should not be used, as the large amount of iron chloride and 
possibly also tin chloride readily attacks and dissolves the platinum. 
Solution of the finely crushed borate samples was usually complete 
in a few hours. Solution of the coarser samples was hastened by 
gentle warmth. The solution must not be allowed to boil, on account 
of volatility of SnCl4 in steam. Under the conditions described the 
arsenopyrite is not attacked, though partial solution of the vesu- 
vianite occurs. After filtration and ignition of the gangue (see p. 13), 
HjS was conducted into the diluted solution, the tin sulphide filtered 
off and determined, the solution boiled, the iron oxidized, and the 
analysis continued as usual. A determination of the alkaUes was 
made in one sample, 0.54 per cent of K^O and 0.70 per cent of Na^O 
being found. As the operations were made in glass vessels and 
many reagents had been added to the solution, these values, even 

I Determiiiatlon of borio acid in insoluble silicates: Jour. Am. Chem. 8oC| vol. 30, 1906, p. 1687. 
* Joor. Am. Chem. Soo., vol. 30, 1906, p. liao. 
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though small m quantity, probably do not represent alkalies orig- 
inally in the mineral. Traces of manganese and titanium are 
present in the samples, but the following elements and radicals 
were never found, though several qualitative tests for them were 
made: Ba, Bi, Cd, Zn, rare earths, Cb, Ta, Li, Mo, Te, W, U, Zr, 
V, F, sulphates, phosphates, and chlorides. 

HUIiSITE. 
C^YSTALLOGBAPHY. 

Hulsite always occurs in crystalline form, either as small crystals 
about 1 millimeter in diameter or as large tabular masses, extending 
several centimeters and showing well developed prismatic cleavage. 
The crystals, though they may be complete, are always uneven, 
and the faces dull and rough, so that no measmremente could be 
obtained from any of the natural faces. Inspection with a hand 
lens shows that these crystals are often rectangular, and as hulsite 
is provisionally considered orthorhombic these rectangular prisms 
consist of the three pinacoids. Sometimes the crystals are bounded 
by the prism faces and the basal pinacoid, though it is not always 
possible to decide whether the prisms are natural crystal faces or 
whether they are due to cleavage. Often one pair of prism faces 
becomes much larger than the other pair. The cleavage parallel 
to the prism is good, and measurements of three such cleavage 
angles gave the values: 

m Am'" = 57° 44', 67** 38', 67** 33'. Average value 67° 38'. Assum- 
ing that hulsite is orthorhombic, the crystallographic elements 
become: 

a:b: c-0.6501 : 1 : ? 

Forms : a{100), 6{010}, c{001}, m{110}. 

Many of the crystals are twinned, one individual being turned 
about 120° to the other and the two basal pinacoids remaining in 
the same plane. They are also often grouped in parallel position, 
especially when the individual crystals are elongated parallel to a 
prism face. 

GBNEBAL PBOPEBTIES. 

Hulsite is black, but when free from inclosed magnetite has a 
greenish, brownish, or reddish tinge. Many of the smaller crystals 
are covered with a brownish coating, probably limonitic in character. 
The streak is black and the luster generally submetallic, thougluthat 
of the pure mineral tends rather to vitreous, like hornblende. The 
hardness is about 3 and the density is 4.31. The cleavage is good, 
being prismatic parallel to m{110}. Hulsite is readily soluble in 
HCl and HF, but dissolves in other acids with some difficulty. It 
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gives off water in a clbSed tub'e, and fuses quietly before the blow- 
pipe to a dull black slag, giving a slightly green flame. When heated 
with potassium bisulphate and flu6rit6, it gives a persistent green 
color to the flame. 

The composition of sample No. 2 (see beyond) was found by 
calculation to be approximately as follows : 

Vesuvianite 2. 2 

Hulflite 80. 6 

Magnetite 17. 2 

100.0 

The density of this mixture is 4.438. If the density of vesu- 
vianite is taken as 3.40 and that of magnetite as 5.17; the density 
of hulsite is foimd by calculation to be 4.31. 

OHABAOTBB OF SAMPLES. 

The sample of hulsite first submitted for chemical investigation 
was apparently homogeneous. It was, however, strongly magnetic, 
and though it was (Suspected that it consisted of a mixtttre of a non^ 
magnetic borate with magnetite, various tests faOed to show the 
presence of th6 latter mineral. When powdered finely and suspended 
in water, the particles were still attracted by the magnet, and none 
of the many chemical tests attempted led to a separation of the 
magnetite from the borate. After the analytical work on this 
sample had been finished, some specimens of hulsite collected in 
previous yeartf were tested and found to be nonmi^netic. These 
specimens showed th^t the earlier ones contained admixed magnetite 
and a careful examination of all of the samples on hand showed the 
very common presence of magnetite in varying amoimts included 
in the hulsite. 

The few specimens that Were nonmagnetic and free from magne- 
tite seemed to weather niore easily than the others, and several of 
them were more or less altered to a Hmonitic substance, so that the 
amount of fresh material on hand was very small. After the pres- 
ence of tin in hulsite was established, all the specimens at hand 
were again gone over for material for reexamination, but only a 
very small quantity of hulsite free from magnetite was obtainable. 

Three samples of hulsite were obtained and analyzed. Sample 
No. 1 consisted of about half a gram of hulsite free from magnetite, 
which was crushed into grains of <60> 100 mesh size and partially 
analyzed, only ferrous and ferric iron, magnesia, tod the insoluble 
matter being determined. The value given for the magnesia con- 
tent is doubtless high, for a little lime was probably present and, if 
so, was determined as magnesia. A part of the magnesia, too, was 

99946*'— BuU. 490—11 2 
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derived from the gangue. Sample No. 2 consisted of about a gram 
of material at first supposed to be homogeneous, but later found to 
consist of a mixture of hulsite and magnetite with a small amount of 
gangue. Tin was not determined in either sample^ and the value 
for boric acid in sample No. 2 was furnished by Wherry and Chapin.* 
Sample No. 3 was obtained by reexamining all the available material 
and picking out a small amount of nonmagnetic hulsite mixed with 
considerable gangue. The relatively large amoimt of gangue soluble 
in acid compUcated the interpretation of the results. 

ANALYSES AND BATIOS. 

The analysis of the first sample yielded the following results: 
Partial analpsei ofkulaiUe, manple No. 1, 



FeO 

MgO 

Fe^O. 

Total iron as FejO,. 

Insoluble 

BjCSnOj^jO 



1 



33.27 



54.40 



10.17 



54.20 
10.00 



Average. 



33.27 
10.17 
17.83 



10.00 



The ferrous iron and magnesia are doubtless not present in any 
definite ratio, but vary reciprocally, so that hulsite may be consid- 
ered as a mixture of a ferrous with a magnesian borate. In the 
above analysis the ratio of FeO : MgO is about 9 : 5. Ferrous iron 
and magnesia are probably isomorphous in hulsite as well as in 
paigeite, and dmilarly in the related borate ludwigite. An analysis 
of ludwigite from Montana shows this isomorphism particularly 
well, for this mineral contains but little ferrous iron, while that 
from Hungary contains about 15 per cent. (See p. 32.) 

The ratios in sample No. 1 are shown in the following table: 

Ratios of average analysis o/hulsiUt sample No, 1. 

FeO 0.462\ . „ 

M«0 254r^-^ 

FeaO, 108 =1.00 

The ratio of RO : Fe^O, as given by the analysis is 6.63 : 1, but 
the true value is probably better represented by the ratio 6:1, for, 
as abready stated, the magnesia value is doubtless high. 

The second sample, in which the hulsite was mixed with magnetite, 
gave the following results on analysis: 
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1 


2 


3 


4 


5 


Average. 


FeO 


34.48 
8.60 


34.35 
8.83 








34.44 


MgO 


8.36 


8.12 




8.48 


F^O. 


27.64 


Total iron as FejO, 


66.24 
1.63 


67.08 
1.68 


65.70 


65.42 


65.32 




HoO 


1.66 


B3O0 







10.44 


10.44 


Infloluble 


2.25 


1.97 


2.24 


2.48 


2.24 


SnOo 



















The ratios obtained from the above analyses, as given, are: 

Ratioi of average anddysiB ofkuUiU, sample No. t, 

FeO 0.479 

MgO 212 

FeA 173 

H3O 092 

BjOa 149 

SnOa 

Analysis of sample No. 3 shows the ratio of B3O, to Fe^Oj to 
be 3 : 2. From this ratio the amount of magnetite present in sam- 
ple No. 2 can be calculated, for the amount of ferric iron entering 
into the composition of the borate can be easily determined, and the 
remainder mu^t therefore belong to the magnetite. When the proper 
amount of FeO required to form FeCFcjO, is deducted from the 
ratios, they reduce to figures representing the composition of the 
magnetite-free hulsite. 

Ratios showing composition of kalsite free from magnetite. 



FeO.. 
MgO.. 
FeaOg. 
HjO.. 
BaOa.. 
SnOa- . 



Ratios 

from 

analysis. 



0.691 

.173 
.092 
.149 



Ratios of 
magnetite. 



-0.074 
- .074 



Ratios of 
hulsite. 



0. 617 12. 4 



.099 
.092 
.149 



2.0 
1.9 
3.0 



The ratios from the above analyses give as the formula for pure 
hulsite 12.4RO. 2.0Fe3Oa. 1.9H,0. 3.0BA+?SnO,. 

The results obtained from the analyses of sample No. 3 are given 
below. Considerable insoluble gangue was present, but magnetite 
was entirely absent. The results shown under the heading la were 
obtained from analysis of a small sample of less pure material. They 
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are not taken into the ^-^erd^id, and irfe of vMue chiefly because they 
confirm the figures given for tin in the other analyses. The amount 
of ammonia precipitate in la was not determined, since it was used for 
various quiditative tests, and the calcium precipitate was accidentally 
lost. The higher value for the amount of boric acid is taken in the 
average instead of the mean of the two values, for the second deter- 
mination is beUeved to be low. 



Analyses o/hulsite, sample No. 


S. 








la 


1 


2 


3 


Average. 


FeO 








27.71 
4.45 
9.54 


27.71 


MgO 


3.62 


"'7.98* 


4.13 
9.82 


4.29 


CaO 


9.11 


FeaOj 




16.21 


Total iron as FcjOj 






46.30 
7.15 
8.27 

17.52 
diff. 


45.67 
7.20 

"is.* 44' 




SnOa 


6.13 


6.85 

9.20 

19.92 


7.07 


B3O, 


9.20 


Insoluble 


27.42 


18.63 


HoO.COi.SiOa.ALO. 


8.78 












100.00 



The following ratios were calculated from the figures for the average 
analysis: 

Ratios of average analysis ofhuhiU^ sample No S. 

FeO 0. 385\ ,^ .^ 

MgO 107H^-^^ 

FejO,.... 095 = 2.02 

SnOa .' 047 = 1 

BjO, 131 = 2.79 

Analyses of paigeite samples reported in this paper indicate the 
amount of calcium oxide derived from the gangue. Where the 
insoluble matter is approximately 15 per cent, the calcium-oxide 
content is about 4 per cent. If this ratio remains fairly constant, 
there should be in the above analysis of hulsite sample No. 3 about 
5 per cent of lime derived from the gangue, leaving approximately 
somewhat less than 4 per cent of CaO, which may belong to the 
borate mineral. If this CaO enters into the composition of the bo- 
rate, the ratio of (FeO, MgO, CaO) to FejO, would become 11.9 : 1, 
or nearly 12 : 1. The analysis of sample No. 3 shows the for- 
mula of hulsite to be either 10JRO.2FeaO,.SnOa.3B,O,+ *H,0 or 
12R0.2Fej08SnOj.3B A + ?H,0. 

DISCUSSION OF FOBMULAS. 

From the results of the analyses of the three samples of hulsite, as 
given, there are derived the following partial formulad for the mineral: 
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Sample. 


RO. 


Fe,0,. 


S11O3. 


BA. 


H,0. 


No. 1... 
No. 2... 

No.3..{ 


13.2 
12.4 
10.6 
12.0 


2.0 
2.0 
2.0 
2.0 










3.0 
2.8 

2.8 


1.9 


1.0 
1.0 







From this incomplete compilation the most probable formula is 
12RO.2FeaO,.lS»|0,.3BA-2H3O or (Fe,Mg)iJPe4SnBeHAi- Hulsite 
can hardly be considered a borate of iron (ferrous and ferric), tin 
and magnesia, for the bases are present in overwhelming amount; 
therefore tJ^ feme iron may be 9onsid6red to be present as an acid, 
playing the same rOle as the borates. On the basis of this assumption 
the formula may be written R'%(B03)^.R"8[Sn(OH)]'"H,(Fe08)4. 

The tin in hulsite occurs in a condition so easily soluble in dilute 
acid that it is probably present in some form of stannic acid. 
The possible presence of ^tannic acid, however, in combination with 
boric and possibly some iron acids, leads to complications which can 
not well be discussed at present. 

PAIOiHTE. 
GBNBBAL DBSOBIPTION. 

Specimens of paigdLte from Brooks Mountain are coal black and 
lustrous. The mineral has a laminated appearance. No distinct 
crystals were visible, but the entire mass has a crystalline appearance 
and in thin sections is seen to be composed of innumerable hair-like 
needles, which often form radiating groups. The hardness of paigeite 
is about 3, and the density is 4.78. Both color and streak are coal 
black. It dissolves readily in HCl and HF, and resembles hulsite in 
its pyrognostic properties. 

The density of sample No. 1 was determined as 4.544. Calculation 
shows the density of pure paigeite to be 4.78, in accordance with the 
following analysis of the sample: 

Ccrniponent minerals and dentUies 0/ paigeite, sample No, 1. 



Veeuvianite. 
Arsenopyrite 
Paigeite 



DensitieB. 



3.40 

6.0 

4.78 



Per cent of 
sample. 



19 

2 

79 

100 
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OHAKAOTBB OF SAMPLBS. 

Three different samples of paigeite were prepared and analyzed. 
The amount of gangue varied only slightly as compared with the 
large variations encountered in hulaite. The first analysis was made 
on sample No. 1 ; on this sample no determination of tin was made, 
and the value given for B,0, is that determined by Wherry and 
Chapin. The other samples were prepared from specimens at hand. 
Sample No. 2 consisted of finely ground material, and consequently 
the value given for FeO may be somewhat low. The material of sam- 
ple No. 3 was coarser, but otherwise very similar in character to No. 2. 

ANALYSES AND BATIOS. 

The results of the analyses of sample No. 1 are shown below. 
Analyses of paigeite, sample No. 1. 





1 


2 


3 


4 


Average. 


FeO 


43.91 
L70 


44.30 
L22 


45.82 
L39 


43.87 


44.^ 


MffO 


1.44 


FejO, 


16.72 


Total iron aa Fe«0. 


66.26 
2.03 


65.95 


66.22 






HoO 




2.03 


BaO. 






9.83 


9.83 


Infiolubl^T . T - - T - - 


15.55 


15.76 


15.65 


15.65 







The amounts of SnO, and of its soluble gangue were not determined. 

Ratios from average aitalysis of paigeite ^ sample No. 1. 

FeO ^-^ISUsil 

MgO 036/ '^^-^ 

FeA 105 = 5 

HaO 113 = 5.4 

BjOa 140 = 6.7 

From the above analysis, the incomplete formula derived for 
paigeite is 31. IRO. S.OFejOs- 5.4H,0. 6.7BA+ ?SnO,. 
Analyses of the second sample yielded the following results: 

Analyses of paigeite^ sample No.i, 



1 



Average. 



FeO 

MgO 

CaO 

FejOs 

Total iron as Fefi^ 

SnOj 

BjO, 

Insoluble 

SiOj^jAlaO^HjO (difference). 



40.82 
2.02 
4.28 

18.19 

63.54 
3.15 
9.10 

16.18 



2.01 

4.31 

19.34 

64.69 

3.14 



2.10 

3.81 

18.48 

63.83 

3.26 



40.82 
2.04 
4.13 

18.67 



15.74 



16.38 



3.18 

9.10 

16.10 

5.96 



100.00 
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If all the lime is considered as resulting from solution of the gangue, 
the ratios deduced from the above analyses are: 

Ratios of average analyn$ ofpaigeiUt sample No. 2. 

FeO 0.5671 OQ 4 

MgO 051/-^*^ 

FeoOj 117 = 5.6 

SnOj 021 = 1 

BoOg 130 = 6.2 

HaO 

These ratios give the following formula^ which is incomplete in 
respect to the water content: 29.4R0.5.6Fe,08.lSnOj.6.2BA+ *HjO. 

Evidence that the gangue was considerably dissolved by HCl led 
to direct determinations of the siUca and alumina in analyses of the 
third sample, with the following results: 

Analyses ofpaigeiUi sample No, S. 



Average. 



FeO 

MgO 

CaO 

FeA 

Total iron as FejO,. 
SnOi 



B^a 

IiiBoluble 

SiOj 

AlA 

HjO, etc. (difference). 



34.68 

2.25 

8.97 

14.69 

53.22 

2.77 



18.62 
3.28 
2.51 



34.86 
1.89 
8.56 

14.84 

53.57 
2.86 
6.71 

18.81 
2.78 
2.41 



35.52 
2.22 
8.84 

15.18 

54.62 

«2.76 

7.16 

18.29 
3.25 
2.09 



35.02 
2.12 
8.79 

14.90 



2.80 
6.94 
18.57 
3.10 
2.34 
5.42 



100.00 



a A fourth determination of SnOs gave 2.97 per cent. 

In the ratios derived from the above analysis, which are given 
herewith, the CaO, SiO,, and Al,Oj are excluded as belongmg with the 
insoluble matter of the gangue. 

Ratios of average analysis ofpaigeite, sample No. S. 

FeO ^•^»n=28 5 

MgO 056/ "^-^ 

FeA 093 = 4.9 

SnOa 019 = 1 

BA 099 = 5.2 

HjO 

As in one of the hulsite analyses, the amount of calcium oxide is 
considerably higher in sample No. 3 than in sample No. 2, a fact that 
seems to indicate that some of the lime belongs to the borate. Only 
1.57 per cent of CaO would be needed to raise the ratio of FeO + 
MgO+CaO to SnO, from 28.5 : 1, as given above, to 30 : 1, and this 
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small amount of lime is thenefore considered ^9 belonging to the 
borate. The ratios obtained ftbov^ ^e 28.5 f^ 30.0 RO. 4.9Fe,(V 
ISnO,. 5.2BA + *H,0. 



DISCXTSSION OF FOBJCUULS. 



The foUo^^dng formulas are deduced for paigeite from the above 
three series of analyses: 

Fommkts/or paigeite. 



Sample. 


RO. 


Fe,0,. 


SnOj. 


BA. 


H,0. 


No. 1... 


31.1 


5.0 




6.7 


5.4 


No. 2... 


29.4 


5.6 


1.0 


6.2 




No.3..| 


28.5 
30.0 


n 


1.0 
1.0 


5.2 
5.2 





Averages of these figures give as the most probable formma for 
paigeite, and the one proposed for the mineral^ 30FeO.5Fe,O,.lSnO,. 
6BA.5H3O. 

The above formula is complex and yields a high ratio of FeO to 
SnO,, but no other interpretation of the analyses can be made. It is 
not impossible that paigeite may be a mixture of two or more closely 
related minerals, but only the unusual composition indicates such a 
mixture. The constant small percentage of tin oxide shows the 
material to be essentially different in ratios from the corresponding 
hulsite. The occurrence of the mineral in wavy, lamellar masses or 
in fine radiating fibers, its uitense shiny black- color, and the marked 
tendency shown in thin sections by the individual fibers and masses 
to fray out at the ends into a bunch of very thin fibers serve to diffOT^ 
entiate this miheral from hulsite, which never shows any indication of 
fibrosity. 

An alternative interpretation of H^ copfjLpositjyon of paigeite is tbat 
it is a mixture of hulsite and a fibrous borate. ^ubtrac|}UQig frpm the 
formula of paigeite the constituents of hulsite in the amounts neces- 
sary to include all the tin, the following results are obtained: 

Paigeite 30 FeO 5Fe,0a 1 SnO, 6 320, 5HaO 

Equivalent of hulflite. . . 12 FeO 2 Fe,Oj 1 SnO-, 3 3,0, 2 H,0 
Remainder 18 FeO 3 FejO, 3Ba0s 3 HjO 

This remainder may be written eFeO.FeaOs.BaOg.HjO. 

Should future investigiition prove this interpretation correct, the 
material now called paigeite would consist of a mixture of 1 part of 
hulsite and 3 parts of the borate 6FeO.Fe,05.B363.E[36, to which the 
name paigeite could then be referrejd. It is most reasonable, how- 
ever, from the evidence at hand, to regafd paigeite as homogeneous 
and as having the composition ascribed to it. 



Digitized by VjOOQ IC 



CHEMICAL CCMtfPOSITION OF JAMESONITE AND WAR- 

RENITE. 

INTRODUCTION. 

Knowledge of the difficult group of sulpho-salts has, in the last few 
years, been much enriched by the labors of English mineralogists, 
particularly those of the Briti^ Museum. Spencer, whose work has 
be^i especially notable, in a recent paper considers warrenite, 
which was described as a new mineral by Eakins, a former member of 
the U. S. Geological Survey laboratory, as identical with jamesonite, 
for which he proposes a new formula.* 

This criticism naturaJly created considerable interest at the Survey 
laboratory, and at the suggestion of Prof. F. W. Clarke, the writer 
undertook a reexamination of the subject. W. F. Ferrier generously 
furnished for the investigation his collection of warrenite, consisting 
of over a dozen i^ecimens, which agreed in general diaracter with 
those in the British Museum, as described by Spencer.* The gangue 
of the specimens examined consists of pink rhodochrosite, in the cavi- 
ties of which the felted aggregates of short and straight needles charac- 
teristic of the mineral occur. 

As much of the felted material as possible was picked out. Though 
the bulk was large, the weight was inconsiderable; in fact, the quan- 
tity of material was entirely insufficient to warrant any chemical 
analysis. Press of routine work necessitated laying the problem 
aside for a time, and before more material could be separated from 
the gangue the specimens were practically ruined by fire on December 
16, 1908. The loss precluded any chemical work being done, but 
some of the results obtained by review of previous work led to con- 
clusions which may further contribute to knowledge of these minerals. 

FOBMIJT44 OF JAMESONirp. 

Spencer concluded that the most probable formula for jameson- 
ite was 7(Pb|,Fe|)S.4SbjS3. If this be expanded, we obtain 
PbjgFeySb^oSej, a formulq. resembling so closely the simple formula 
Pb28Fe7Sb4aS98, or Pb4FeSb8Si4, that inquiry was directed as to 
whether or not the latter might I'epresent the composition of jame- 
sonite. The suggestion that iron seems to be present in amount 
nearly constant (between 2 and 3 per cent) certainly seems to be 
justified by the analyses given. Spencer has selected from the liter- 
ature of the subject those analyses of jamesonite made on material 
with characteristic and well defined physical properties, such as the 

iSpenoer, L. J., Note on ''feather ore;'' identity of "domingite" (-"warrenite") with Jameionite: 
Mineralog. Mag., vol. 14, 1907, p. 207; Analysis of crystalliied Jamesonite, idem, p. SIC. 
* Idem, p. 206. 
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basal cleavage. Since these are the only analyses that can be used, 
they are repeated below,^ together with the values calculated for a 
new formula proposed for jamesonite, namely 4PbS.FeS.3Sb2S^. 











Anafytei of j<aM$anUe, 












Odoo- 
lated. 


1 


2 


8 


4 


6 


6 


7 


8 


9 


10 


8 


2L85 

35.10 

4a 33 

2.72 


20.02 

84.53 

41.18 

2.76 

.26 


21.87 

84.70 

4a 08 

2.70 

.22 


22.16 

84.40 

40l76 

2.30 

.13 


22L68 

34.00 

80.46 

2.66 

.10 


40.35 

2.06 

.21 


21.78 

82.62 

30.07 

8.68 


21.62 
83.03 
40l13 


20.86 

81.04 

42.79 

2.88 

1.01 

1.84 


21.85 

2.68 

.80 

&82 


2L7S 


8b 


82.00 


Pb 


89.06 


Fe 


^00 


Cn 


8.46 


Zn 




.42 
1.06 


.36 


.62 


BL 
















Ac 




.01 


.13 














L34 


aI...;::::: 


















.20 




























loaoo 


W.26 


09.20 


00.78 


00.72 


loaoo 


00.48 




101.27 





ioa4i 



a NotdetennJned. 

Copper and zinc in considerable quantities are present in the last 
three analyses, provided, of course, that the samples were pure, an 
assumption not necessarily true. These analytical figures are very 
close to the values calculated for the formula here proposed, and 
support that formula quite as much as the more compUcated one of 
Spencer. Loczka has published an analysis' of ''a felted aggr^ate 
of dark steel-gray fibers, *' which he refers to plumosite, and from 
which he calculated a formula identical with the one here proposed, 
namely 4PbS.FeS.3Sb3S8. In abstracting Loczka's article Spencer 
states' that **the figures agree stiU more closely with the jamesonite 
formula, 7(Pb|Fei)S.4Sb3Ss,'' a statement hardly borne out by the 
facts. Loczka's analysis and the values calculated for Spencer's 
formula* 7(Pb|Fei)S.4SbjS8» and for the formula 4PbS.FeS.3Sb,S^ 
appended for purposes of comparison, are given in the following table: 

Loaka's analygis and valuea oalculaUdfor the twofcrmuku. 



Loczka's analysis. 


7(Pb|Fe4) S.48bA. 


4PbS.FeS.3SbA. 


s 


21.59 

35.80 

39.38 

2.66 

.12 

.10 

Trace. 

.50 


21.70 

34.23 

41.29 

2.78 


21.86 


8b 


35.10 


Pb • 


40.32 


Fe 


2.72 


Mn 




Zn 






Cu 






Inpohible matter 














100.14 


100.00 


100.00 



1 Analyses land 2 (BoUvian material), are by Prior; 8, 4, and 6 by Rose (1826, 182»); 6 and 7 by Schaft- 
gotsch (1836); 8 and 9 by Rammelsberg (1849); 10 by Sievert (1878). For reSaranoea aee Mineralog. Mag., 
vol. 14, 1907, p. 313. 

> Loozka, Joaef, Analysis of plconotite from Fetoobanya: Ann. mosei Nat Hnngaiioi, toI. 6, 1908, p. fi86. 

s Jour. Cbem. 8oc., yol. 96, 1909, p. 153. 

« The figures are calculated from tbe 1909 table of atomle wei^ts and differ very lU^tty fhim those gfvea 
by Bpenoer. 
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Loczka's analysis agrees more closely with the simple formula, 
which is certainly the one to be preferred. It is much to be regretted 
that Loczka did not state definitely whether the fibers were flexible 
or brittle, but from the analytical figures alone his analysis must 
be referred to jamesonite and not to plumosite. 

The evidence herein cited gives ample support to the formula 
first given by Loczka and reached independently by the writer. 
The chemical formula for jamesonite may then be given as 4PbS. 
FeS.SSbjSj (Loczka), while for plumosite the simpler composition 
2PbS.SbjS8 (Spencer) holds, the two minerals being distinguished 
chemically by the respective presence and absence of iron. 

COMPOSITION OF WARRENITE. 

Spencer includes warrenite under jamesonite, and the analysis 
given by Eakins agrees well both with Spencer's and with Loczka's 
formulas, though the iron is nearly 1 per cent low. Spencer states* 
that '*It was, however, determined that the needles (of warrenite) 
are brittle and not flexible. * * * This latter character indicates 
that the material must be referred to jamesonite." He further 
classifies ''feather-ores" as flexible and brittle, all the latter being 
referred to jamesonite and the former either to zinckenite, plumo- 
site, boulangerite, or meneghinite. His statement that the needles 
of warrenite are not flexible was not confirmed by an examination 
of the specimens at the writer's disposal, for many were so flexible 
that they could be bent double without breaking, and sprang back 
to their original position when released. Other needles, however, 
were decidedly brittle, and instead of bending always broke across 
the elongation. Warrenite, then, has both flexible and brittle 
needles, and Eakin's analysis shows it to consist of a mixture of jame- 
sonite and zinckenite. 





Eakin's analyais of warrenite, with ratios. 




AnalyBis. 


D<.f{^ Jame- Zinck- 
^^^' flonite. enite. 


Zinckenite ratios recal- 
culated. 


s 


21.19 

36.34 

39.33 

1.77 

.52 


0. 661=0. 448+0. 213 
. 302= . 1964- ■ 106 
.190= .128-f .062 
.032= .032-h .0 


4.00 


Sb 


2.00 


Pb 


1.17 


Fe 




Inaol 










99.15 





The last column of ratios leads to the zinckenite formula, PbS. 
SbjSj. The analysis of warrenite, then, shows it to consist of a 
mixture of about 2 parts of jamesonite with 3 parts of zinckenite. 



> Spenoer, L. J., Note on " feathfir ore;" 
ICiDBralog. Mag., vol. 14, 1907, p. 207. 



identity ol "domlngite" (^"waReDite") with Jamesonite: 
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LUDWIGITE FROM MONTANA. 
OCCURRENCE ANB ASSOCIATION. 

The ludwigite here described was collected at Philipsburg, Mont., 
by Donald F. MacDonald, and was sent to the chemical laboratoiy 
of the survey for determination by F. C. Calkins. It is said to occur 
in metamorphosed limestone in connection with large bodies of 
magnetite. Examination of a thin section showed that a member of 
the olivine group was sprinkled throughout the ludwigite, and that 
a carbonate and a secondary fib^us mineral were also preset in 
minute amounts. 

The ludwigite forms small spherulites composed of radiating fibers 
of a very dark green or neariy black color, and resembles in its 
physical properties the original ludwi^te from Hungary. Willi 
high magnification the fibers extinguidli parallel and show a strong 
pleochroism, parallel to the elongation a sea green, and normal 
thereto a chestnut brown, with stronger absorption in the brown 
than in the green. The refractive index is much higher than 1.67. 
The olivine mineral has a inean refractive index of about 1.66, and 
deavage sections parallel to 6(010) showing a and /? have refractive 
indices Ijring between 1.65 and 1.66. TYie mineral must therefore be 
very low in ferrous iron, and is referred to forsterite. As no calcium 
was noted in the analysis, the carbonate is either magnesite (X 
siderite. 

ANALYSIS. 

The sample free from magnetite, but containing a small quantity 
of forsterite and minute amounts of the colorless fibrous mineral and 
the carbonate, gave on analysis the following results, the figures in 
the last column showing the values with the forsterite and carbonate 
deducted and the analysis recalculated to 100 per cent. 
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Anslly»^ of lad^Hgitb nWridd Mfh foreterite 
and carbonate. 


Analysfe 
oflud- 




1 


2 


3 


Average. 


wigite. 


FeO 


6.12 
39.09 
36.33 


5.53 
38.60 
36.01 


5.74 
39.42 


5.79 
39.04 


7.27 


MgO 


33.78 


Total iron as Fe^Og 




FooO, 




29.73 

8.85 

1.81 

.97 

.90 

.36 

13.48 


37.37 


s^!v;:::::::::::::::::::: 


8.97 

1.98 

.97 

.91 

.28 

13.48 


8.74 
1.64 


8.85 




AlA 


2.27 


H,S4-. 




1.24 


H..0- 


.95 
.43 


.85 


1.13 


COo 




BaO, 




/ 16.94 












100.93 


100.00 



The ferrous iron was detennined by a modification of Pratt*s 
method/ the material used being finely ground. Experiments con- 
ducted by Hillebrand on samples of this mineral showed that the 
oxidizing effect of grinding on the feirous iron was slight. The first 
value for almnina, 1.98 per cent, was obtained as the difference 
between the gravimetric determination of B^O^ and the subsecjuent 
volumetric titration of the iron with permanganate solution. The 
iron and aliuniniun chloride solution was repeatedly evaporated with 
methyl alcohol to expel all the boric acid. The second value, 1.64 
per cent, was determined by precipitating the alumina by phenyl- 
hydrazine, as described by Allen.* As the two determinations agree 
fairly well, the presence of a small amoimt of almnina in the sample 
seems well confirmed. The higher result of the first case is probably 
due to retention of a small amoimt of boric acid. Whether the 
alumina belongs to the ludwigite or to one of the accompanying 
minerals is difficult to decide, but it has here been included in the 
borate. The boric acid content has also been determined by Wherry 
and Chapin,* who give as the average of their results 12.82 per cent 
BjO,, a value slightly lower than the one here given. 

The water content, though small, is still of sufficient importance to 
merit consideration. Although no definite conclusion has been reached, 
it is believed that the greater part, if not all, of the water is not 
essential to the composition of the mineral. The determinations 
were made on finely ground material, which no doubt took up con- 

1 Hillebrand, W. F., The analysis of silicate and carbonate rocks: Bull. U. S. QeoL Sarvey No. 806» 1907, 
p. 138. 

s Tour. Am. Chem. Soc., vol. 2S, 1903, p. 421. See also Bull. U. 8. Geol. Survey No. 306, 1907, p. OS. 

* Wherry, E. T., and Chaphi, W. H., Determination of boric add in insoluble silicates: Jour. Am. 
Chem. Soc, vol. 30, 1906, p. 1601. 
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siderable water. A preliminary experiment on some ludwigite from 

Hungary gave the following v^ues for the amount of water given off 

by the mineral when heated in a toluene bath at 110^ in a cxurent 

of dry air. Duplicate determinations were made, first on coarsely 

crushed material and then on another part of the same sample fine^ 

ground. 

(1) (2) 

Sample crushed <10> 20 meeh 0.09 per cent. 0.12 per cent. 

Same finely ground 0.50 per cent. 0.52 per cent. 

As some water may also have been furnished by the fibrous material, 
it seems justifiable to conclude that a large part, if not all, of the 
water reported in the analysis is extraneous. It has been omitted 
in the consideration of the ratios deduced from the analyses. 

DISCUSSION OP FORMULA. 

Ratios calculated from the figures of the average analysis are as 
follows: 

Ratios of average anafyeis of ludwigite. 



Ratioe. 



FoTBterite 

and 
magnetite 
deducted . 



Ludwigite. 



MgO. 
FeO.. 

Fe-Ps 
ALO, 
SiOj. 
COo.. 



9760 
804 

1858 
177 

1475 
82 

1926 



8195 



|7532-4|q^3 p^^ 



2035=1.08. 



1475 
82 



1926=1.02. 



The ratios agree well with the formula generally given for ludwigite, 
4RO.Fe2O3.B3O3. The high water content obtained by Whitfield/ 
on Hungarian material, 3.62 per cent, is substantiated neither by the 
analysis of the Montana mineral given above nor by the analysis of 
Hungarian ludwigite described in this paper, but each sample yields 
about 1 per cent of water which can not as yet be proved foreign to 
the mineral and may ultimately be shown to be one of its essential 
constituents. If the water given off above 107® (HjO-f ) be con- 
sidered as essential to the mineral, a formula of about the proportions, 
RO:Fe20s:B203:H20 = 16:4:4:1 would result. 

Although the ratios agree well with the general formula of lud- 
wigite, the amoimt of ferrous iron is too small for the formula 
FeO.FejOg.SMgO.BjOg, even if all the ferrous iron in the analysis is 
referred to ludwigite and none either to forsterite or to the car- 

1 Whitfield, J. E., Natural borates and borosilieates: Am. Jour. Soi., 3d ser., vol. 34, 1887, p. 384. 
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bonate. These data indicate that the formula for the Montana lud- 
wigite may be written .57MgO. .43FeO. FejO,. SMgO.BA, thus 
showing an isomorphous mixtm^e of 9i ferrous ferric magnesian borate 
with a magnesian ferric magnesian borate, the latter being in excess. 

Analyses by Ludwig and Sipdcz and by Whitfield are confirmed by 
the analysis published in this paper in the respect that the Himgarian 
mineral approximates closely to the definite formula FeO-FejOj. 
SMgO.BjOj. Only one analysis by Ludwig and Sipocz hows a s%ht 
deficiency in the ferrous iron. 

The mineral from Montana, however, is very much lower in fer- 
rous iron and correspondingly higher in magnesia, the ratios of 
BjOgiFejOjiFeO+MgO remaining constant. This condition supplies 
suflBcient evidence of the existence of a magnesian ferric borate 
MgO.FejOs.SMgO.BaOg free from ferrous iron, not yet found in nature 
in the pure state, but preponderant in the Montana ludwigite, in which 
it is present in isomorphous mixture ¥dth the corresponding ferrous 
ferric magnesian borate to the extent of 67 per cent. If some of the 
ferrous iron present in the sample belongs to the forsterite or to the 
carbonate, the percentage of the magnesian borate would be still 
greater. 

IiUDWIGITE FROM HUNGARY. 

For comparison vdth the Montana mineral, an analysis was made 
of a sample of ludwigite from Hungary. The results of the quanti- 
tative analysis, made on the finely radiating black mineral, is as 
follows: 

Analyses of ludwigite from Hungary. 



FeO 

MgO 

Total iron as FeaO,. 

Pep, 

HaO- 

H0O+ 

CO, 

Insol 

BA 



15.84 
28.88 
53.35 



.50 
.78 
.90 
.32 
[17.02] 



15.68 
28.88 
52.74 



.52 

.86 



.40 



15.80 



53.72 



Average. 



15.84 
28.88 



35.67 
.51 
.82 
.90 
.36 
[17.02] 

100.00 
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The ratios from the k^6l't^e analysis ^ffe, kftfef thb CO, is deducted, 
together wiih duffi6ient MgO to fonh md^Mite, the formula 
FeO.Fe,0,-3MgO.B,0,> ^ shbvm below. 

Satios ofave^clffe oTito^n* </ UuhngiU/rom Hungary. 



FeO.. 
MgO. 



0.220 


a99 


.702 


3.06 


.223 


1.09 


.243 


1.09 


.020 







SUMMARY. 

The isoinorphotis i-etation of FeO and 1^^ in ludwi^e cstn h6 wdl 
shown by bringing together the aVailabte anaiyife«es, which also dhow 
how closely the mineral from Hungary agi^es with the calcalatckl 
values for the pure ferrous-iron ferric maghe^an borate. The ftrit 
column gi^es th« caifculated yaluels for FeO.FejOscSJ^O.BjOi, the 
second, third, fourth^ and fifth the analyses of the Hting^an mineral, 
and the sixth that of ludwigite from Montana. 

Analyses of IvdwigiU. 





FeO. 


Ludwigite from Hungary analyzed by— 


Ludwig^ 
ite £romi 
Montana. 




Ludwig 

and 
Sip5cz. 


Schaller. 


Whitfield. 


Ludwig 

and 
Sip6cz. 




1 


2 


3 


4 


5 


6 


FeO 


17.01 
28.61 
37.81 


17.67 
26.91 
39.29 


15.84 
28.88 
35.67 


15.78 
30.57 
37.93 


12.46 
3L69 
39.92 


7.27 


MgO 


33.78 


FeoO, 


37.37 


AloO, 


2.27 


bA 


16.57 


15.06 
Trace. 


[17.02] 


12.04 
.16 

3.62| 


16.09 
Trace. 


16.94 


Mild 




HoO- 




.511 
.82/ 
.36 
.90 


1. 13 


H0O+ 








1.24 


Sib, :. 










COa 












^^8* 














100.00 


98.93 


100.00 


100.10 


100.16 


100.00 



The last analysis by Ludwig and Sipdcz (No. 5 above) shows a 
slight replacement of the ferrous iron by magnesia, which has been 
carried out to a much larger extent in the mineral from Montana. 
All new occurrences of ludwigite should be carefully examined chem- 
ically, as the possibility of the existence of the ferrous-iron-free mag- 
nesian borate is strongly indicated by the above analyses^ 
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BISMTTE FROM NEVADA. 
OCCURRENCE AND PHYSICAIi PROPERTIES. 

According to Ransome,* bismite occurs in the Goldfield district of 
Nevada in the January, Combination, and Sandstorm mines, and 
probably also in other mines, as minute, pearly scales of brilliant 
and almost metallic luster, which suggest at first glance delicate and 
untarnished crystals of native silver. This mineral, identified by 
hij;n as bismite, is limited to the oxidized zone, is generally accom- 
panied by limonite, and is not uncommonly associated with rich ore. 
It occurs as single glittering scales or specks on the walls of cavities 
in spongy limonite or rusty ledge matter, as delicate frost-like films 
on the same materials, and as spongy aggregates with quartz. In 
the last-named form it is clearly pseudomorphous after bismuthinite, 
the material having consisted originally of a mass of bismuthinite 
prisms held together by a siliceous gangue. The prismatic structure 
• of the bismuthinite is retained as hollow casts in the quartz, lined or 
partly filled with scales of bismite. The single scales are doubtless 
also derived from bismuthinite, but migration has taken place either 
during or after oxidation, and the bismite scales do not occupy the 
exact position of the parent needles of bismuthinite. 

Natural crystals of bismite do not appear to have been found 
hitherto, and, inasmuch as the mineral has been assigned to the 
orthorhombic system in Daaa's and Hintze's mineralogies on the 
basis of Nordenski6ld's work on artificial crystals in 1860 and 1861, 
considerable interest attaches to the Goldfield occurrences on account 
of the crystallinity of the material. 

When examined imder the microscope in gently powdered material, 
the crystals appear as thin colorless scales, with occasionally a sug- 
gestion of hexagonal outline. On account of their tenuity, it is rare 
that an edge view of a scale can be obtained. The larger flat-lying 
scales are dark in all positions between crossed nicols, and give a 
negative uniaxial figure with convergent light. There are no colored 
rings, and double refraction, apparently, is not great. The refractive 
index, on the other hand, is comparatively high — greater than that 
of anorthite. The mineral has a perfect basal cleavage and the 
scales, when viewed without the analyzing nicol, commonly show 
delicate interference colors, due to refraction and reflection at the 
surfaces of the exceedingly thin cleavage sheets. 

1 RaDflome, F. L., The geology and ore deposits of Ooldfleld, Nev.: Prof. Paper U. 8. Oeol. Burr^y 
No. 66, 1009, p. 121. 
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CRYSTAIiliOGRAPHY. 

The minute, tabular crystals are too incomplete to make possible 
a determination of their geometrical form by crystallographic meas- 
urements alone. The uniaxiality and hexagonal outline of the crystals, 
the triangular markings on their bases, and the distribution of faces 
so far as known justify their provisional reference to the rhombo- 
hedral division of the hexagonal system. 

The value of the c axis, derived in a manner presently to be 
described, is 0.5775. Seven faces are recognized — the base and one 
negative and five positive rhombohedra — and indications of two 
more positive rhombohedra appear. A brief description of these 
forms follows. 

c{0001}. Always very large, even, and highly polished. YHieii 
triangular markings or striae are shown the faces parallel to these 
markings are taken as positive. 

o{1016}. Occurs on two crystals as broad faces, giving, however, 
poor reflections. One face was considerably striated, giving two 
signals a degree apart. 

5{10T5}. Broad faces giving fairly good reflections. 

1^(1014}. Narrow faces, one striated with a fair reflection, and one 
as a line face giving a very poor reflection. 

A:{10T3}. Usually as a line face, striated and givinj^ a very poor 
reflection. 

(?){2025}. A doubtful face, narrow, giving no distinct signal. 

(?) d{10T2}. Another doubtful face, narrow, and giving no distinct 
reflection. 

y{2021}. Line faces, giving exceedingly faint reflections. 

2{0lTl}. The only negative rhombohedron observed. Very faint 
line faces, giving no reflection. Its negative position could be deter- 
mined only on crystal No. 6. 

The measurements of the forms are shown below. 

Measurements of forms on bismite crystals. 



Symbol. 



Measured. 



Calcu- 
lated. 



cAo=(0001) : (1016) 
cAg=(0001) : (10l5) 
cAtt=(0001) : (1014) 

cAi=(0001) : (1013) 

cAy=(0001) : (202l) 
cA2=(0001) : (Olll) 

Doubtful forms: 
cA?=(0001) : (2025) 
cA^'-COOOl) : (1012) 



6 37 

7 33 
9 31 

12 11 

13 18 
54 

35 

15 

16 20 



6 41 

7 36 
9 31 

12 2er 

13 
54 
32) 



6 21 

7 36 
9 28 

12 32 

53 08 

33 42 

14 56 

16 26 
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The value for the c axis was obtained from three measurements 
considered most accurate. The others gave values agreeing fairly 
well with the one adopted, as is shown in one of the following tables. 
The crystals were measured on the two-circle goniometer and the p 
angle for these forms is the angle between that form and the base. 
The value po is obtained directly from the p angles and from the 
values for po, the c axis is readily calculated. The three best meas- 
urements are: 

Three best values ofp^f hitmiU. 

Crystal No. 1: /){10l5}=7** 33^- therefore Po-0.6627 
Crystal No. 4: |t>{10l6}=7** 36^; therefore Po= .6672 
Crystal No. 2: |t>{10l4}=«:9°.3r; therefore Po- 6706 

Average =0.6668; c«0.5775 

An average of the other measurements gave values closely agreeing. 
Other values ofp^i Ifismite, 



Crystal No. 3: p{lOle}^ 6° 37^; therefore Po=0. 
Crystal No. 6: /){10l6}= 6** AV; therefore Po^ .7031 
Crystal No. 6: |t>{10l4}= 9** 3^; therefore Po- • 6706 
Crystal No. 6: /){10l3}=12*» 11^; therefore Po= • 6477 
Crystal No. 4: ^{10l3}=12*» 26'; therefore Po= • 6614 
Crystal No. 1: /){10l3}=13** 18'; therefore Po= • 7102 

Average , = 0. 681 5 

The following measurements of faces giving no distinct reflections 
also showed close agreement: 

Additional values ofp^, hismite. 

Crystal No. 1: /){10T3} =12*»-14** (average 13**); therefore p^ =0. 69 

Crystal No. 2: ^{2025} ?=15**; therefore p^ = .67 
Crystal No. 1: /){10l2}?=16**-20** (average 18**); therefore Po = -65 

Crystal No. 5: p{Q\l\) =35**; therefore p^ = . 70 

Crystal No. 6: pjoill} =32^; therefore Po « . 64 

Crystal No. 1: ^{2021} =54**; therefore p^ = . 69 

Crystal No. 6: ^{2021} ==54°; therefore Po = . 69 

The values for p© given in these tables show that the interpretation 
of the forms is the correct one. 

Of the six crystals (all incomplete) that were measured, only two 
require special mention. Figure 1 is an orthographic projection of 
crystal No. 1, showing the trigonal distribution of the rhombohedra, 
and the triangular markings on the base. Figure 2 shows a similar 
projection of ciystal No. 6, with a negative rhombohedron. 
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So uneven is the development of the faces of these crystals that 
no two faces of the same form are present on the upper half of a 
crystal. This feature is, however, due in part to the incompleteness 
of the crystals. 





FIOUBI 1.— Biamite crystal No. 1, ortliogmphic Fioubi 2.— Blamite crystal No. 6, OTthograiddc 
projection. projectioii. 

chemicaij composition. 

The best material obtainable consisted of the spongelike aggre- 
gates with quartz, and this, on analysis, yielded the following results: 

Analyses o/bismiie. 



Matter insoluble in HGl (mostly quartz gangue) 

BiaO, 

HgO (loss on ignition) 

Fe,0, 



78.96 

17.29 

3.96 

.36 



78.87 
17.00 



.50 



79.01 
16.84 



.21 



Average. 



78.94 

17.04 

3.96 

.36 



100.30 



The phosphate, chloride, carbonate, and sulphate radicles, as well 
as vanadium, arsenic, calcium, magnesium, and the alkalies were 
absent. 

The analysis shows that the mineral is either biamite or a hydrous 
oxide of bismuth. If it is the latter, the mineral ia a new species 
(providing, of course, that BijO, is the correct formula for the bismuth 
ocher foimd in nature and called bismite). Attempts to isolate a 
sufficient quantity of the pearly scales from the gangue for separate 
analysis were not successful. According to a rec^it paper * by the 
writer the mineral bismite is probably BiCOH),, as it seems very 
doubtful if BijO, exists in nature as such. 

I BobAller, W. T., Bismoth oohers from Son Diego County, Gal.: Jour. Am. Chem. Soo., voL 33^ UU, 
p. 162. 
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AXINITE FROM CALIFORNIA. 

IjOCAIjITIES. 

Well-crystallized axinite has been found at two widely separated 
points in California. In 1903-4 some large brownish crystals were 
found in Moosa Canyon, near Bonsall, San Diego County, by Mr. T. 
Freeman and forwarded by him to Dr. G. F. Kunz of New York, who 
determined them as axinite. The writer visited the locaUty in 1904 
and collected a suite of the specimens which form the basis of this 
description. The work of collection was greatly f aciUtated through 
the kindness of Mr. Freeman and of Mr. J. J. Mack, both of San 
Diego County, whose assistance was of great value. A specimen of 
axinite from the Consumnes Copper Mine, Amador County, was lent 
to the writer from the collection of the University of California 
through the kindness of Prof. A. S. Eakle. The axinite, which is 
probably of contact origin, is associated with large epidote and small 
quartz crystals. 

AXINITE FROM SAN J>IEGO COUNTY. 

OCCnjBBBNCB. 

The axinite of San Diego County appears in detached crystals 
associated with quartz, epidote, and a little laumontite in a much 
decomposed granite, and its true mode of occurrence is not deter- 
minable, for all the rock in the vicinity is greatly altered. The crystals 
range from minute size to a length of nearly 5 centimeters; they are 
generally flattened, rough, worn, and opaque, with small transparent 
areas scattered throughout the crystal mass. A few, which are 
highly decomposed, appear as a black mass consisting largely of 
manganese dioxide. The quartz on which the axinites are often 
grouped is found both in massive pieces and in distinct crystals. It 
is characteristically of the smoky variety, and often very closely 
resembles the axinite in color. A very few specimens consisted of 
radiated greenish epidote, surrounded by idiomorphic axinite into 
which the epidote fibers penetrate. The laumontite occurs sparingly 
as isolated white crystals situated on the other minerals. 

CBYSTALL06BAPHY. 

The larger crystals of axinite are simple in their combinations 
and show the usual axinite forms, such as m, Jf, r, z, c, «, and x. 
The smaller crystals are more perfect and show a greater number of 

87 
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forms. Only a few of the crystals are at all suitable for measure- 
ment, most of them being too dxiU and uneven. Many, too, are con- 
siderably striated, and often a number are grouped in nearly parallel 
position. 

The forms identified on these crystals are as foUows, the position 
chosen being that of Miller as modified by Ooldschmidt in his 
Winkeltabellen: {010}, {110}, {ITO}, {150}, {05l}?, {Oil}, {0T2}, 
{101}, {112}, {151}, {ITI}, {Hi}, {n2}, {221}. 

The following table gives the measurements of these forms as com- 
pared with, the calculated values taken from Goldschmidt*s Winkel- 
tabellen and with the letters and symbols given by Dana for the 
same forms: 

ForiM and angles for axinitefrom San Diego County. 



Goldflchmidt's 
symbob. 


Dana's 


symbob. 


Measured. 


i 
Oalculated. 


Letter. 


Symbol. 


Letter. 


Symbol. 


* 


P 


4> 


P 










o / 


o 


/ 


o / 


o 


/ 


c 


010 


M 


no 


00 


90 


00 


00 


90 


00 


w 


110 


w 


130 


60 27 


90 


00 


60 16 


90 


00 


u 


no 


m 


110 


135 22 


90 


00 


135 24 


90 


00 { 


I 


120 


a 


100 


150 42 


90 


00 


151 23 


<90 


oo ' 


4> 


m 


4> 


331 


176 50 


68 


11 


177 20 


71 


36 


r 


oil 


r 


111 


172 03 


46 


22 


172 02 


45 


21 


z 


012 


z 


112 


164 07 


27 


36 


164 24 


27 


32 


a 


101 


y 


021 


106 00 


49 


00 


104 04 


49 


10 





112 





132 


53 38 


32 


00 


53 49 


31 


19 


8 


121 


8 


201 


153 31 


68 


29 


153 49 


68 


32 


X 


111 


X 


111 


138 44 


59 


44 


138 48 


59 


36 


n 


ni 


n 


131 


117 17 


57 


43 


117 16 


57 


38 


d 


m 


d 


132 


115 27 


40 


28 


115 08 


40 


26 



Of these forms {010}, {110}, {iTO}, {l2l}, and {011} are large, 
the other forms occur as small faces. 

The form k {221 } was noted on one crystal in a zone with the forms 
{110} large, {221} line face, {TTl} medium, and {TT2} line face. 

CHEMICAL COMPOSITION. 

A large sample was crushed and the clear fragments of axinite 
picked out. Treatment with heavy solution served to remove a 
little quartz similar in color and appearance which had been picked 
up with the axinite. The following is the average of several analyses. 
The water was given off above 110^ and its amount was determined 
directly. 
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Analysis o/axinitef San Diego County. 

SiOa 42.61 

AlaOa 17.43 

FeaO, 38 

FeO 7.53 

MnO 4.10 

MgO 44 

CaO 19.74 

HaO 1.56 

BjO, 6.04 



99.83 



As this analysis was made before the oxidizing effect of grinding 
was known, the true amount of ferric oxide in the mineral may be 
even less than that given. 

The ratios calculated from the analysis are shown herewith. 

Ratios of analysis ofaxinitey San Diego County. 
SiOj 0.710=8.00 



FeO 

MnO. \ .174=1.96 

MgO 

CaO 353=3.97 

HaO 087= .98 

BjOj 086= .97 

The above figures indicate the formula for axinite to be SSiOj. 
2Al,Os.2(Fe,Mn,Mg)0.4Ca0.lH30.lB203. If aU the bivalent bases are 
grouped together, the formula reduces to 8SiO2.2Al2O8.lB3O3.7RO, 
the one proposed- by Ford * for the mineral in a discussion of several 
analyses including his own, in the course of which paper he shows 
that the general formula for axinite may be written: 

SSiO,. B2O3. 2R2'''03. 7R''0 

R'''=Al,Fe''' 

R'' =Ca,Fe'^Mn,Mg,H2 

Examination of the more recent trustworthy analyses of axinite 
has convinced the writer that the calcium content is constant, and 
that, as the iron and manganese vary reciprocally, there are two 
end products, one free from iron and the other free from manganese, 
and that all axinites may be considered as isomorphous mixtures of 
these two end products. 

Thirteen trustworthy analyses, in nearly all of which the water was 
determined directly, were selected, and the ratios of the various 
constituents calculated. These analyses, arranged in the order of 
increasing amounts of manganese, are given below. 

1 Ford. W. J., On the chemical ooinposition of axinite: Am. Jour. 8ci.> 4th ser., vol. 15, 1903, p. 105. 
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Anafyses ofaxinUe, 



No. 


810,. 


BfO,. 


AlsOa 


Fe,0, 


FeO. 


MnO. 


CaO. 


MgO. 


H«0. 


KtO. 


NatO. 


(Cli,Zii, 
Plb)0. 


10 

11 

12 
13 


4189 
43.46 
42.78 
41.63 
42.10 
42.40 
42.40 
42.55 
41.96 
42.85 
41.80 
42.47 
42.77 


6.02 
5.61 
6.12 
4.62 
4.64 
4.71 
4.88 
4.20 
4.61 
5.17 
5.61 
5.06 
6.10 


18.25 
16.33 
17.67 
17.90 
17.40 
17.39 
17.26 
16.37 
17.69 
16.96 
17.15 
16.85 
16.73 


0.64 
2.80 

.99 
8.90 
3.06 

.69 
1.33 
3.79 

.81 
5.00 
1.11 
1.16 
1.03 


7.11 
6.78 
6.02 
4.02 
5.84 
4.89 
4.27 
4.06 
3.61 

*i'84* 


1.06 
2.62 
2.99 
3.79 
4.63 
6.16 
6.97 
7.69 
8.51 
9.59 
10.71 
13.14 
13.60 


19.89 
20.19 
20.16 
21.66 
20.53 
19.57 
19.53 
19.28 
19.71 
18.49 
19.51 
18.35 
18.25 


2.23 

1.73 

2.41 

.74 

.66 

1.60 

1.30 

1.02 

.97 

.87 

.21 

.26 

.23 


2.14 
1.45 
1.40 
2.16 
1.80 
1.64 
1.90 

1.93 

1.22 
1.21 
1.29 


0.11 
.11 


0.36 






















.25 


.24 


(F-.22) 












(F-MX^ 














1.73 
L60 











1. Jannasch and Locke, Zeltacbr. anorg. Chemie, vol. 6. 1894, p. 57. 

2. Raniinelsberg, Zeltschr. Deutsch. geol. Oesell., yol. 21, 1869, p. 689. 
3, 11. Ford, Am. Jour. Sci.. 4Ui ser., vol. 15, 1903, p. 195. 

4, 6. Whitfield, Am. Jour. Scl.. 3d ser. vol. 34, 1887, p. 286. 
6, 7, 9. Maucellus, Qeol. f5r. FOrh.. vol. 17, 1895. p. 279. 
8. aeve, Qeol. (Or. FOrfa., vol. 17, 1895 p. 279. 
10, 12, 13. Oenth. Am. Jour. Sci., 3d ser. vol. 41, 1891. p. 394. 

In analyses 8 and 10 the water content was determined by ignition, 
and the ratios are for that reason omitted in the following table. 
The figures for the water content in analyses 12 and 13 are those 
obtained by Ford.* The percentage of fluorine (1.11) given in analysis 
9 is undoubtedly too high. 

Ratios from Uie foregoing analyses are shown in the following table. 
The small amounts of zinc, lead, copper, soda, and potash present 
have been added to the magnesia ratio. 







Ratios qfaxinite 


malyses. « 






Analysis 
No.- 


SiO^ 


BfO.. 


A1,0,. 


FeO. 


MnO. 


CaO. 


MgO. 


H,0. 




7.96 


0.96 


2.06 


1.10 


C.16 


3.98 


0.70 


1.34 




8.14 


.90 


2.00 


1.06 


.42 


4.04 


.50 


.90 




8.02 


.98 


1.98 


.94 


.48 


4.04 


.74 


.86 




7.82 


.76 


2.28 


.64 


.60 


4.38 


.20 


1.36 




7.92 


.74 


2.14 


.92 


.74 


4.14 


.18 


1.14 




7.84 


.76 


1.96 


.76 


.98 


3.92 


.54 


1.16 




7.84 


.78 


2.00 


.66 


1.10 


3.90 


.12 


1.18 




8.10 


.70 


2.12 


.64 


1.24 


3.96 


.32 






7.88 


.74 


2.02 


.56 


1.36 


4.00 


.28 


1.32 


10 


8.10 


.84 


2.26 


None. 


1.54 


3.78 


.26 




11 


7.84 


.92 


1.98 


.44 


1.72 


3.98 


.06 


.76 


12 


8.06 


.84 


1.96 


None. 


2.12 


3.76 


.32 


.78 


13 


8.38 


.86 


1.96 


None. 


2.28 


3.84 


.30 


.84 



The average of the above ratios of the 13 analyses given is 
T.OOSiO,. O.83B3O,. 2.06 (Al,Fe)20,. 2.07 (Fe,Mn,Mg)0. 3.90CaO. 
I.O5H3O. The boric acid ratio is a little low because of the incom- 
plete extraction of BjO, in the analyses. The average ratios, like 

iLoo.oit. 
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those of the analysis of axinite from Bonsall, San Diego County, are 
very close to the simple formula: 

8SiO,.2Al,0,.lB30a.2(Fe,Mn^)0.4CaO'lH,0. 

As can be seen by the table of analyses on page 40, the ferrous iron and 
manganese vary reciprocally, because of which fact the writer con- 
siders axinite an isomorphous mixture of the two minerals, ferro- 
axinite, Al3BHCa2FeSi40i^ and manganoaxinite, Al2BHCa2MnSi40ie. 
Whitfield* suggested that there were two such end products, but his 
formulas differed from those given above. These two compounds may 
be readily distinguished quaUtatively, where either preponderates suflB- 
ciently in a mixture, by the color of the bead of the fused mineral. 
That of ferroaxinite is black, and that of manganoaxinite is very 
light colored or gray if a slight amount of iron is present. 

One analysis, that by Baumert,* is purposely omitted, as the high 
calcium content .(30.21 per cent) obtained occasions some doubt as to 
the accuracy of the analysis, especially as the sequioxides are also low. 

The specific gravity of the mineral apparently increases with the 
amount of manganese present, as is shown in the following table, but 
it is probable that careful determinations on pure material will show 
that ferroaxinite is slightly the heavier. 

Specific gravUy of (mnUe. 



AnalvBie 
No.- 


Per cent 
MnO. 


Specific 
gravity. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 


1.06 
2.62 
2.99 
3.79 
4.63 

6.16 
6.97 
7.69 
8.51 
9.59 

10.71 
13.14 
13.69 


3.268 


3.287 




3.28 
3.30 


3.30 
3.299 

fl3.302 
3.306 
3.358 



a OlTen by Ford (loc. dt.) as 3.028 by mistake, 
as glTen above. 



Ford has informed the writer that the value should be 



It was proposed to investigate the various physical constants of 
axinite in order to see if coiresponding variations could be determined 
for the different ratios of FeO to MnO, but the material available was 
lost by fire before the work could be imdertaken. 

> Am. Joor. Sd., Sd ser., vol. M, 1887, p. 386. 

> ZdtBOh. Nat Halle, vol. 42, 1889, p. 1. and Dana's System of Mineralogy, 6th ed., p. 629. 
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AXINITE FROM AMADOR COUNTY. 
CBYSTALL06BAPHY. 

The crystalB of axinite from the Consumnes copper mine, Amador 
County, are very small, their dimensions rarely exceeding 2 milli- 
meters, and are for the most part transparent and highly polished. 
They are associated with large epidote and quartz crystals, which 
are covered with a drusy coating of small axinites. These axinites 
he on the epidote and quartz, and also penetrate them to some 
extent, some axinite being entirely embedded in the quartz. Prelimi- 
nary measurements of two cryBtals showed that the small crystals 
w&re very rich in forms, and it was intended to continue the study of 
these crystals, as well as of the mineral axinite in general, at some 
future time. Of 24 forms noted on the crystals, 8 are apparently 
new. The list of forms follows, the symbols being given in Miller's 
orientation as modified by Goldschmidt in his Winkeltabellen. New 
forms are starred. {010}, {100}, {110}, *{210}, {120}, *{14.1.0}, 
{ITO}, {310}, {250}, {350}, {ISO}, {970}, *{9i0}, *{750}, -{Q.TU.O}, 
*{2go}, {120}, *{7S0},*{1.T5.0}, {112}, {Oil}, {OTl}, {l2l}, {ill}. 

The average measurements of these forms as compared with the 
calculated values are shown in the table below. 

Forms and angles^ axinite, 
[Asterisks indicate new form.] 



Goldschmidt. 


Dana. 


Measured. 


Calculated. 


Letter. 


Symbol. 


Let- 
ter. 


Symbol. 


* 


P 





P 










o 


/ 


o 


/ 


o 


/ 


o 


/ 


c 


010 


M 


ITO 





00 


90 


00 





00 


90 


00 


M 


100 


b 


010 


102 


27 


90 


00 


102 


30 


90 


00 


T 


120 




120 


36 


15 


90 


00 


36 


15 


90 


00 


w 


110 


w 


130 


61 


58 


90 


00 


60 


16 


90 


00 


*A 


210 




160 


80 


22 


90 


00 


80 


06 


90 


00 


♦c 


14. 1. 




1. 29. 


99 


23 


90 


00 


99 


22 


90 


00 


*Z) 


720 




160 


113 


56 


90 


00 


114 


08 


90 


00 


*E 


940 




270 


119 


45 


90 


00 


119 


61 


90 


jOO 


8 


970 




7. 11. 


129 


55 


90 


00 


129 


58 


90 


00 


u 


no 


m^ 


110 


135 


24 


. 90 


00 


135 


24 


90 


00 


*F 


9. mo 




540 


137 


49 


90 


00 


137 


47 


90 


00 


*G 


780 




430 


138 


22 


90 


00 


138 


26 


90 


00 


a 


340 


a 


210 


142 


19 


90 


00 


141 


58 


90 


00 


H 


230 


H 


310 


144 


07 


90 


00 


144 


40 


90 


00 


P 


350 


P 


610 


147 


24 


90 


00 


147 


03 


90 


00 


I 


120 


a 


100 


151 


21 


90 


00 


151 


23 


90 


00 


h 


130 


h 


3lO 


159 


18 


90 


00 


158 


58 


90 


00 


*N 


290 




950 


165 


18 


90 


00 


165 


12 


90 


00 


♦P 


1.T3.0 




13. 15. 


174 


34 


90 


00 


174 


26 


90 


00 


€ 


Oil 


e 


111 


6 


36 


45 


42 


7 


58 


45 


16 


X 


111 


X 


111 


138 


45 


60 


57 


138 


48 


59 


36 


S 


121 


s 


201 


153 


00 


69 


05 


153 


49 


68 


32 
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Of the above forms, 7'{120} was first given by Sjogren * on axinite 
from Nordmarken. 
The measurements of the narrow face gave the following values: 

I Measurements of ^{120} . 



Symbol. 


Meas- 
ured. 


Cal- 
culated. 


Differ- 
ence. 


010A120 
110A120 
1I0A120 


o / 

36 15 
24 12 
98 55 


o / 

36 15 
24 01 
99 09 


o / 

00 
11 
14 



The form iS{970} was first noted by Franck' and was observed 
once as a narrow face giving a poor reflection. 

MeasuremerUs of 8 {970}. 



Symbol. 


Meas- 
ured. 


Cal-' 
culated.^ 


Differ- 
ence. 


Franck's 
measure- 
ment. 


0I0A970 
120A970 . 
100A970 
9.mOA970 


o / 

50 05 

21 27 

27 07 

7 54 


o / 

50 02 

21 25 

27 28 

7 49 


o / 

03 
02 
21 
05 


o / 

49 .44 









The following eight prisms are evidently new — at least they are not 
described in the literature of the subject, so far as known to the writer. 
The form -4.(210} occurs as a line face giving a poor reflection. 

Measurements of A { 210} . 



Symbol. 


Meas- 
ured. 


Cal- 
culated. 


Differ- 
ence. 


100A210 
14.L0A210 


/ 

22 08 
19 01 


/ 

22 24 
19 16 


o / 

16 
15 



The prism (7(14. 1.0} has more of a vicinal symbol than most of 
the new prisms, but the measured and calculated angles agree so well 
that the form is considered established. It occurs as a line face giving 
a poor reflection. 

1 Sjogren, Hj., Beitr&ge %, Mineralogie Schwedens: Bull. OeoL Inst Upeala, yol. 1, 1802, p. 1. 
s Fianck, A., BolL Acad. Belglqoe, yol. 36» 1888, p. 17. 
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Meamirment$ofC{lA.l.O}. 



Symbol. 


Meas- 
ured. 


(kl- 
culated. 


Differ- 
ence. 


1I0A14.1.0 
100A14. 1. 


o / 

36 01 
3 07 


o / 

86 02 
3 08 


o / 

01 
01 



The new fonn 2) {720} is present once as a line face giving a poor 
reflection. 

Measuremtnts of D{ 730} . 



Symbol. 


Meas- 
ured. 


Cal- 
culated. 


Differ- 
ence. 


0I0A720 
100A720 
9iOA720 


o / 

66 04 

11 08 

5 49 


JO / 

65 52 

11 38 

5 43 


o / 

12 
30 
06 



The prism E{9i0} occurs with the preceding form, and, like it, is a 
line face giving a poor reflection. 

MeoiuremenU o/E{9^), 



Symbol. 


Meas- 
iu:ed. 


Cal- 
culated. 


Differ- 
ence. 


OlOA9iO 

100A9iO 

9.mOA9iO 


o / 

60 15 
16 57 
18 04 


o / 

60 09 
17 21 
17 56 


o / 

06 
24 
08 



The form F{9.T0.0} approaches to a vicinal form, though the 
measured and calculated angles agree well. It is present as a.narrow 
face much broader than a line face and gives a fairly good reflection. 
Apparently, it replaces the form u{ll0}, for the two are not found 
together. 

Measurements ofF{9.JS.O}. 



Symbol. 


Meas- 
lured. 


C«d- 
eulated. 


Differ- 
ence. 


oioA9.mo 

120A9.IO.O 
100A9.mo 


o / 

42 11 
13 38 
35 01 


/ 

42 13 
13 86 
35 17 


o / 

02 
03 
16 
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The new prism (t{750} is very close to the above, though the 
measured and calculated angles agree well. It is probably identical 
with or near to the form {15.T7.0}, described by Offiret and Gonnard.* 
It is present as a line face with 1^(110} on the crystal from Amador 
County. The reflection was fairly good. 

* Measurements ofO {786}. 



Symbol. 


Meas- 
ured. 


Calcu- 
lated. 


Differ- 
ence. 


Measured 

by Offret 

and Gon- 

nard. 


0I0A7S0 

1I0A780 

120A780 


o / 

41 38 

2 5^ 

12 39 


o / 

41 34 
3 02 

12 57 


o / 

04 
04 
18 


o / 


2 48 





The form iV{2S0} occurs as a narrow face giving a fairly good 
reflection. 

Measurements of N{2^], 



Symbol. 


Measured. 


Calcu- 
lated. 


Differ- 
ence. 


0I0A250 

120A290 

1I0A290 


/ 

14 42 
13 45 
29 54 


o / 

14 48 
13 49 
29 48 


o / 

06 
04 
06 



The new prism P{ 1.13.0} is of a vicinal character, but, like some of 
the other forms here described, the meyured and calculated angles 
agree well. It is present as a narrow face next to {OTO}, and gives a 
good reflection. 

Measurements o/P{l.I3.0}. 



Symbol. 


Meas- 
ured. 


Calcu- 
lated. 


Differ- 
ence. 


0T0A1.T5.0... 
120 Al. 13.0... 
ITOAI.13.0... 


o / 

5 26 
23 11 
39 10 


o / 

5 34 
23 25 
39 02 


o / 

08 
14 
08 



I Oflret, A., and Oonnard, F., Note cristallographiqae sur raxinlte de roisans: Bull. Soc. fran?. min- 
eral., vol. 16, 1808, p. 76i 
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MINBBALOGICAL NOTES — SEEEBS 1. 
CHEMICAL COMPOSITION. 



Lack of material made it impossible to obtain enough axinite for a 
more complete analysis than is here given. The sample analyzed was 
not quite pure, for small amounts of impurities were plainly visible 
before the sample was ground. It was necessary to determine the 
boric acid content by difference. The analysis and ratios follow: 

Analysis and ratios ofaxiniUfrom Amador County. 



SiOo 

A1,0, 

FeO 

MnO 

MgO 

CaO 

HjO 

BaO, (by difference) 



Analysis. 


Ratios. 


42.79 


8.00 


16.38 


L81 


4.22 




8.76 


2.05 


0.09 




19.21 


3.85 


1.85 


1.16 


6.70 


L02 


100.00 



The ratios approximate those proposed in the first part of this 
paper, but the material was of too poor quality and of too slight 
amount to admit of accurate deductions from the analysis. It may 
be noted that in the Amador County axinite the manganese pre- 
dominates over the iron, whereas in the axinite from San Diego County 
the reverse is true. 

In a recent number of Tschermak's Mineralogische und Petrograph- 

ische Mitteilungen Fromme * gives, in connection with a description 

of several minerals from the Radautale, an analysis of axinite. The 

formula derived from that analysis and Fromme's discussion of the 

composition of axinite require some comment. The analysis given is 

as follows: 

Analysis of axinite from Radautale (hy Fromrru). 

SiOa 4L73 

BA 6.30 

AlA 17.08 

FeA 1.87 

FeO L35 

C5aO 18.65 

MnO 11.54 

MgO 0.34 

H3O 1.81 

100.67 

> Fromme, J., ChMnisdi-intiMnlocfBhe Notizen aus dem Itadaatale: Min. pet. liitt., vol. 28, 1900, 
pp. 806-828. 
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Fromme rightly combines the ferric iron with the alumina, and also 
places the manganese and magnesia together in deducing the formula 
from the analysis. His view that the ferrous iron and calcium replace 
each other is, however, open to serious question, for in general FeO 
and CaO do not isomorphously replace each other in silicates, as is 
shown, for example, by the behavior of these compounds in heden- 
bergite and ilvaite. The fact that FeO and CaO are not isomorphous 
in axinite is made clear by the table of analyses given on p. 40. 
The proportion of CaO + FeO to SiOj, for instance, is variable, and 
depends on the amount of FeO present, for both the SiOj and CaO 
are fairly constant. 

Curiously enough, Fromme deduces from his analysis the formula 
of a magnesium axinite, which he regards as the primary type or 
"Grundtypus,'' even though his analysis shows only 0.34 per cent 
MgO and despite the fact that an analysis of axinite in which MgO 
predominates has never been published. Fromme calls his axinite a 
relatively pure manganese axinite, even though in the same sentence 
he speaks of the magnesium axinite as the type. 

The formula proposed by Fromme for manganese axinite, namely? 
HMnCajBAljSi^Oie, is identical with that advanced by the writer; the 
isomorphous relation of the FeO + MnO + MgO seems, however, to have 
escaped Fromme's notice. The general formula HR''R/'BAl2Si40ic 
was long ago proposed by Rammelsberg, though Ford grouped the 
bivalent bases together rather than consider them present in fixed 
amount. It is the writer's belief that the evidence shows that the 
CaO is beyond question definite in amount and that the HjO and the 
FeO + MnO + MgO are probably in definite proportion. Among the 
many other writers who have accepted calcium as constant is Tscher- 
mak, who, however, writes the formula for axinite HMgCajBAljSi^Oie 
with admixture of the related iron and manganese oxides. Whitfield 
proposed the isomorphous relation of the FeO and the MnO, but 
otherwise his formulas do not accord with more recent data. Therefore 
the view here proposed that axinite consists essentially of the two 
minerals, ferroaxinite (H[PeCa2BAl2Si40i8) and manganoaxinite 
(HMnCajBAljSi^Oio) although by no means new, puts forward clearly 
the evidence as it rests to-day. The existence of the corresponding 
magnesium axinite in a pure state is strongly indicated, but has not 
yet been demonstrated, for the ratio of MgO is, in all the analyses 
available, much less than that of FeO + MnO. 



Digitized by VjOOQ IC 



ALBITE FROM LAWSONITE SCHIST, MARIN COUNTY, 

CALIFORNIA. 

ASSOCIATION. 

Among the minerals found in the lawsonite schist at Reed Station, 
Marin County, Cal., aibite is represented in a number of specimens by 
well-developed crystals, some of which are nearly a centimeter across. 
The aibite seems to be concentrated at one point where the ground 
is strewn with small cavernous specimens, consisting chiefly of glauco- 
phane and aibite. Lawsonite has not been found directly associated 
with aibite, the only mineral occurring with the aibite being glauco- 
phane. 

The results herewith presented were attained some eight yeais 
ago, but they have been withheld, as it was planned to present a more 
complete paper on all the minerals mentioned herein. As almost all 
those collected by the writer were lost in the fire in the Survey Build- 
ing, in December, 1908, the plan had to be abandoned and the data 
obtained for the aibite are now presented. A brief note on lawsonite 
was published some years ago by the writer in conjimction with Dr. 
W. F. Hillebrand.^ 

The other minerals found in the schist with lawsonite are, as enu- 
merated by Ransome,* glaucophane, actinoUte, muscovite (fij^t 
erroneously described as margarite), epidote, garnet, rutile, titanite, 
chlorite (pseudomorph after garnet), zoisite, pyrite. Besides these, 
there were found aibite, abimdant and in good crystals, chlorite in 
large sheets (several centimeters across) of a dark-green color, limonite 
pseudomorph after pyrite, anthophyUite (?), and talc. 

FORMS AND ANGIiES. 

A number of new forms were found on these aibite crystals when 
they were measured, but the forms have all since been described by 
other writers. A very important paper on the crystallography of 
aibite has recently appeared • to which frequent reference will be 
made. 

1 SohaUer, W. T., and HIDebraiid, W. F., Crystallographioal andohemical notes oo IswsoDlte: Am. Jour. 
Sci., 4th ser., yol. 17, 1904, P- 105; and BuU. U. S. Oeol. Survey No. 262, 1905, p. 58. 

s Bull. Dept. Geology Univ. California, vol. 1, 1896, p. 301. 

s Dreyer, C, and Ooldsohmidt, V., Ueber Albit von Qrdnland: ICeddeletoer om Oiytnland, voL H 1907, 
separate, 60 pp., SjdatoB, 2 flgB. 
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The forms determined by measurements on the albite crystals are 
(IS follows: 

Forms on (dbite. 



clOOl) 
6 010} 
« 021} 
n{02l} 
a;{I01} 

yl^oij 



r 150 
/ 130 
Z 120} 
^{350} 
mlllO) 
lf{ll0} 



2 {130} 
r 112; 
P Ull 

d (112 

o |ni 



, 151 
L |312 
a (100 



The measurements, on which the more common forms were identi- 
fied, are given below: ^ 

Forms and angles, albite. 



Symbol. 




Measured. 





, ! 


93 


36 


43 


49 


7 


08 


65 


12 


69 


02 


98 


03 


29 


59 


30 


23 


56 


10 


57 


38 


30 


05 


27 


22 


60 


14 


39 


40 


59 


42 


18 


25 


30 


25 


40 


34 



Calculated. 




04(M). 
26(M). 
16(M). 
24(D). 
32(D). 



18 55(D). 
30 24(G). 
41 25(G). 



1 The letter following the valae of the oaloulated an^es refers to the sonroe of the an^e, as it was not 
deemed necessary to recalciilate ail the angles used: M-Melcser, O., Zeitschr. Kryst. Min., vol. 40, 1905, 
p. 571; D— Dana, E. 8., System of mineralogy, 6th ed., 1802, p. 328; O— Dreyer, C, and Gold8chmidt,V., 
locoit. 

99946'— BuU. 490—11 4 
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MINEBAIiOOICAL NOTES — SBHEBS 1. 



The crystals showing the rarer forms were remeasured on the two- 
circle goniometer^ the most iihportant of the values obtained being 
shown below. 

Measturement of rare/ormSf albite. 







Measured. 




Calculated. 


Letter 


S)anbol. 














^ 


P 


* 


P 






o / 


o 


/ 


o / 


o / 


n 
9 

(0 


150 
350 
021 
221 
512 


19 19 
46 29 
154 04 
49 13 
70 07 


90 
90 
49 
62 
46 


00 
00 
28 
20 
12 


19 21 
46 40 
154 30 
50 29 
69 32 


90 00 
90 00 
49 21 
62 12 
46 04 


X 

u 
a 


2il 
131 
221 
100 


146 16 
164 00 
125 32 

87 26 


68 
59 
60 
90 


45 
08 
05 
00 


145 50 

163 17 

125 16 

90 28 


69 01 

59 08 

60 51 
90 00 



There was also present on crystal No. 2 a very narrow face in the 
prism zone giving a distinct but faint signal. Its position could not 
be definitely determined; but its symbol is near to {490}, though the 
measurements agree closer with the more complex {5.11.0}. The 
form must, therefore, be referred to the already large class of doubtful 
forms. The angle values are shown below. 

Measurements of doubtful prism. 





Measured. 


Calculated 
for {5.11.0} 


Calculated 
for {490}. 


130 A ? 


o / 

8 19 
19 07 

8 03 
21 57 
38 26 


/ 

8 19 
19' 22 

7 57 
21 55 
38 43 


/ 

7 41 
18 44 

8 35 
22 33 
38 05 


150 A ? 


350 A ? 


110 A ? 


010 A ? 





DESCRIPTION OF RARER FORMS. 

^{021} was noticed but once as a line face, and the form is very 
rare on these crystals, the corresponding dome n{02l } being observed 
fairly often. 

^{150} was found only once as a line face, on crystal No. 2, with 
hficmMz, The form was only recently definitely determined by 
Dreyer and Ck»ldschmidt. 
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Z{120}, a rare form, but well confirmed by Dreyer and Gold- 
schmidt, was found once as a narrow face on crystal No. 14. 

K{S50}, determined as a new form when measured, was foimd by 
Dreyer and Goldschmidt, who report its occurrence on five crystals 
with 8 faces. By the writer it was obsersred on four crystals. The 
records of the measurements of the form on crystals Nos. 12 and 15 
are lost, but for Nos. 2 and 8 they are as follows: 

Measwements of £'{350}, aUrUe. 



Symbol. 


Measured. 


Calculated. 


Crystal No. 2: 

CAK=a50) : r350J 

/AK=h30 :(350 

mAK=(110) : (350) 

Crystal No. 8: 

6AK=(010) :(350) 

/AK=(130) : (350) 

mAK=(110) :(350) 


o / 

27 30 

16 18 
13 34 

47 29 

17 04 
11 39 


o / 

27 19 
16 16 
13 58 

46 40 
16 16 
13 58 



5f{25l} and i^{22l} are rare forms, noted several times on these 
crystals, though never were both forms seen on the same crystal. 

X{23l}, also new when first observed, was described at the same 
time as new by Bowman * and was found once by Dreyer and Gold- 
schmidt. The form was noticed on two crystals by the writer, in both 
cases with ij{T5l}. 

ij{T5l}, first determined by Viola (1895) and fully confirmed by 
the measurement of 23 faces by Dreyer and Gtoldschmidt, was 
noticed twice by the writer each time with -3r{2il}. 

a>{5l2}, was measured as a small face with poor development on 
crystal No. 2. The form was first found by Dreyer and Groldschmidt 
and as the measured and calculated angles found by the writer 
agree well, no hesitancy is felt in referring the face measured to this 
form. 

A very narrow face gave a poor reflection whose measurement 
approximated to the value for a{100}, a determined form. 

1 Mlneralog. Mag., vol. 13, 1902, p. 115. 
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MINEBALOGIOAI/ NOTES — SEBIES 1. 
COMBINATIONS. 



The combinations observed on these albite crystals are given 

below. 

Combinations on aUnte crystals. 



Crys- 
tal 
No.- 


c 


b 


e 


n 


z 


y 


c 


/ 


z 


K 


m 


M 


z 


r 


V 


9 


d 





u 


X 


9 





1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 


c 
c 
e 
e 
e 

e 
e 
e 
e 
e 

e 
e 
c 
c 
c 

c 
e 
e 
e 
c 












c' 


I 






m 
m 
m 
m 
m 

m 


M 
M 
M 
M 
M 

"m 


z 
z 
z 
z 
z 

z 
z 




V 












u 
ft 














K 






X 


1 


A* 


e 


n 


T 


P 
P 
P 

P 
P 


9 






























































































{ 




K 


m 











X 










M 
M 

M 
M 
M 
M 
M 

M 
M 
M 
M 
M 


z 
z 

z 
z 

z 
z 
z 

z 

z 
z 
z 

z 


r 

T 

r 


P 
P 

P 
P 
P 


































n 


























K 


m 
















n 
n 








9 














"k 


m 















r 


P 














n 





















m 


r 


P 
P 
P 


9 












n 



























m 




































































From the table of combinations, it can readily be seen that the 
common forms are: c, 6, x, y^f, m. M, z, p, o, while the less common 
f ormiS; or those that were noted on more than two crystals and yet 
on less than half of those measured are: n, y, g, 8, K, which leaves, 
as the forms of the third or rare class: e, ^, Z, u, X, rj, (o. 

HABIT. 

In habit the crystals are usually short prismatic or nearly equi- 
. dimensional, rarely somewhat elongated prismatic or slightly tabular, 
parallel to 6 {010}. Though one simple crystal (No. 1) was observed, 
all the others are twinned on the albite law. Usually there are but 
two individuals, though in a number of cases several twinning lam- 
ellae run through the center of the crystal and sometimes give bright 
lamellae, in the zone hxj which faces were at first thought to be new 
forms, but as shown by Dreyer and Goldschmidt * for the forms {797} 
and {757} of Melczer,* are probably induced by twinning lamellae. 
Thus there was measured, in the zone bx, for the face I: 6 aZ=66^ 10', 
67^ 14'; a;AZ=26^ 05', 27^ 03'; pAZ = 6^ 19', T" 02'; but ftAp = 
60*" 16' and pAo' = 6'* 32'; therefore JAo' = 66*' 48'. Further, 
since a5Ao' = 27® 32' and pAo' = 6® 32', the face Z, the measurements 
of which correspond to the angle values just given, is doubtless o in 
twin position. 

1 DreTer, C, and Goldsdunidt, V., Ueber Albit tod OrOzOand: Meddeleber om Oiytnlaiid, toI. 34, 1S07, 
separate, p. 11. 
* Teltsohr. ETTBt Min., vol. 40, 1906, p. 583. 
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NOTES ON CRYSTALLOGRAPHY OF PHENACITE. 

PHENACITE FROM NEW HAMPSHHtE. 

Some crystals of phenacite from Bald Face Mountain, Chatham, 
N. H., were received for investigation through Prof. F. W. Clarke. 
The loose crystals resemble very much those described by Farring- 
ton* from the same locahty, but the ones at the writer's disposal were 
somewhat richer in forms, a total of 12 having been noted. Of the 
forms given in the table below, a {ll50}, m {lOTO}, r {lOTl}, d {0lT2}, 
p {1123}, 8 {2151}, and s^ {3121} were obsersred by Farrington. 

Forms and angles on phenadte from Chatham^ N, H. 







• 


Measured. 




Calculated. 






Let- 
ter. 


Symbol. 










# 


- 




Size of face. 




















* 


P 


4- 


P 


* 






5 


J 


o 


/ 


o / 


o 


/ 




a 


1150 


30 


00 


90 


00 


30 00 


90 


00 


Medium. 


m 


1010 





00 


90 


00. 


00 


90 


00 


Medium. 


r 


lOll 





03 


37 


24 


00 


87 


21 


Laree. 
Medium. 


d 


0112 





12 


21 


20 


00 


20 


53 


2 


01Il(?) 





02 


40 


42 


00 


37 


21 


Line face. 


U 


0221 





00 


56 


46 


00 


56 


46 


Line face. 


9 


1456 


11 


13 


30 


11 


10 53 


30 


14 


Minute. 


V 


2134 


19 


05 


27 


11 


19 06 


26 


47 


Line&tce. 


X 


1232 


19 


01 


45 


04 


19 06 


45 


17 


Minute. 


8 


2131 


19 


04 


64 


03 


19 06 


63 


39 


Line face. 


«1 


3121 


19 


19 


63 


30 


19 06 


63 


39 


Line face. 


P 


1123 


30 


10 


24 


01 


30 00 


23 


47 


Small. 


Pi 


2n3 


30 


18 


23 


59 


30 00 


23 


47 


Small. 





4223 


30 


01 


41 


29 


30 00 


41 


23 


Minute. 



FORM SYSTEM OF PHENACITE. 

The forms for phenacite are given in the orientation chosen by 
Dana in preference to that of Goldschmidt, in which the symbols 
are more complex than in the fonner. A review of the literature 
of phenacite since the publication of Goldschmidt's Winkeltabellen 
has shown that a number of new forms are to be added to the list 
given by him, in order to have a complete form system for the mineral. 
The following table of forms has therefore been compiled and gives 

1 Farrington, O. C, Notes on yarioos minerals in the museam oolleotlon: Field Colombian Moseum 
Publications, OeoL ser., vol. 3, 1906» p. 167. 
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all the forms found in the literature for phenacite (doubtful and 
vicinal forms not included), and is perhaps the most practicable table 
for the identification of forms when the mineral is measured by 
the two-circle method. If no reference for a form is given in the 
last column of the table, it signifies that the form has been recognized 
by at least three independent observers and therefore is well sub- 
stantiated. Otherwise references to the source of the description of 
the form are given. 

Forms and angles for phenacite. 



No. 


Letter. 


Symbol. 


4> 


P 


Refer- 
ences. 


Gold- 
schmidt. 


MUler. 


Biavab. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
IQ 
20 

21 a 

22 

23 

24 

25 


m 
a 
k 

r 
t 

% 

t 
X 

V 

z 

8 
b 

h^ 
to 
C 
e 

Vi 
P 
Pi 

Oi 



ooO 

00 

4oo 

+ 10 
-01 
-02 

+ 21 

+H 

-If 
+ 32 

+H 

+ 


2n 

101 
312 
411 
110 

100 
221 
111 
431 
321 

301 
212 
310 
212 
201 

411 
11. 5. 3 
312 
302 
621 

423 
210 
201 
311 
311 


lOlO 
1120 
4150 
1012 
0112 

lOll 
Olll 
0221 
1456 
-^1354 

3112 
13il 
2134 
1232 
2131 

3254 
2354 
2352 
3251 
4377 

1585 

ll23r 

2TLSI 

2233r 

4223Z 


o / 

00 

30 00 

10 53 

00 

00 

00 

00 

00 

10 53 

13 54 

13 54 
13 54 
19 06 
19 06 
19 06 

23 25 
23 25 
23 25 
23 25 
25 17 

8 57 
30 00 
30 00 
30 00 
30 00 


o / 

90 00 
90 00 
90 00 
20 53 
20 53 

37 21 
37 21 
56 46 
30 14 
34 32 

54 00 
70 02 
26 47 
45 17 
63 39 

39 45 

39 45 
58 59 
73 16 
33 33 

40 22 
23 47 
23 47 

41 23 
41 23 








8 






4,9 
4 


1.5 
2,3 




7 
7 




7 
6 




8 





a The form y {1565} should follow No. 8. 

1. Beyrich, Pogg. Ann., vol. 34, 1835, p. 519; vol. 41, 1837, p. 323 (Goldflchmidt, 
Index der Erystallformen der Mineralien, vol. 2, 1890, p. 464). 

2. Rose, Pogg. Ann., vol. 69, 1846, p. 145 (Hintze, Handbuch, vol. 2, p. 41). 

3. Seligmann, Neues Jahrb. Min., Geol. u. Pal., vol. 1, 1880, p. 129. 

4. Deecloizeau, Bull. Soc. fran?. mineral., vol. 9, 1886, p. 171. 

5. Lacroix, Min6ralogie de la France, vol. 1, 1893-1895, p. 205. 

6. Spencer, Mineralog. Mag., vol. 14, 1906, p. 178. 

7. Zim^yi, Ann. Musei Hungarici, vol. 7, pt. 1, 1909, p. 347. 

8. Slavfk, BuU. intern. Acad. Boh^e, 1909, vol. 14, p. 1. 

9. The present paper. « 



Digitized by VjOOQ IC 



NOTES ON NEPTUNITE. 
NEPTUNITE FROM CAIilPORNIA. 

A large suite of specimens of benitoite and neptunite were collected 
by Dr. Ralph Arnold * and turned over to the writer for investigation. 
As Dr. Louderback was then intending to publish a full descrip- 
tion of these minerals, the investigation was postponed. A single 
crystal was measured and a partial analysis was made in order to 
classify the so-called carlosite.' Since then the crystallography,* the 
chemical composition,^ and the occurrence^ of the mineral have 
been described. 

The single crystal measured is prismatic and of the habit described 
by Ford. The forms present are c{001}, a{100}, m{110}, «{111}, 
o{Tll}, t{Tl2}, sr{5ll}, J>{511}, and *A{887}. The measurements 
of these forms gave the following values: 

Forms and angles for neptunite. 







Measured. 


Calculated. 


Letter. 


Symbol. 


















<!> 


P 


* 


P 






o / 


o / 


o / 


/ 


c 
a 
m 

s 




001 
100 
110 
111 
111 


90 06 
90 00 
40 21 
55 07 
14 26 


25 23 
90 00 
90 00 
54 16 
40 08 


90 00 
90 00 
40 07 
55 10 
13 57 


25 38 
90 00 
90 00 
54 43 
39 45 


% 
9 
P 


112 
211 
311 


18 52 
48 11 
62 52 


22 56 
51 00 
60 12 


19 05 
47 29 
62 39 


23 08 
50 05 
60 22 



1 Arnold, R., Notes on the occurrence of the recently described gem mineral benitoite: Science, vol. 27, 
1906, p. 812. 

s Loaderbaok, O. D., and Blasdale, W. C, Benitoite, a new California ^m mineral: Bull. Dept. Geology. 
Univ. Calltomia, vol. 6, 1907, p. 149. 

s Ford, W. E., Neptunite crystals from San Benito County, Cal.: Am. Jour. Sci., 4th ser., vol. 27, 1909, 
p. 236. 

4 Bradley, W. M., On the analysis of the mineral neptunite from San Benito County, Cal.: Am. Jour. 
8ci., 4th ser., vol. 28, 1909, p. 15. 

ft Louderback, O. D., and Blasdale, W. C, Benitoite, its paragenesis and mode of occurrence: Bull 
Dept. Oeology Univ. Callfbmia, vol. 5, 1909, p. 331. 
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In addition to these formS; a large face near to 8 {111} is present 
on one side of the crystal. Its measurement corresponds to the sym- 
bol *h{SS7}, and as the form occurs as a large plane face, it is con- 
sidered as well established. The face (8S7) is much larger than 
(111) and a little smaller than (111) and is one of the largest faces 
on the crystal. The corresponding face (887) is not present. The 
measurements are as follows: 

MeasuremenU of new form h {887). 

Measured. Calculated. 

^=53^ 4V ^-53** 43' 

^=57^ 31' ^=57** 2(K 

A very narrow face vicinal to (Il2) was also observed. The form 
g {211}, described as new by Ford, is present on this crystal as two 
lai^e dull uneven faces. The form is probably characteristic of this 
locality, as it was seen on a number of other crystals. 

FORM SYSTEM OF NEPTUNITE. 

As the number of forms for neptmnte has considerably increased 
Bince the original description of the mineral in 1893, a compilation of 
all the described forms with the coordinate angles thereto is given 
below. As in a similar table appearing in this paper a reference to 
the description on which the form is based is given, imless the form 
has been three times independently described. The values ^ and 
p for the forms not given in Groldschmidt's Winkeltabellen have, 
except for ^{887}, been taken from the table furnished by Hlawatsch.* 

1 Hlawataoh, C, Bemerkunsen sum Aragonit von Rohitsch, Natrolith und Neptunit von San Benito: 
Min. pet Mitt, vol. 28, 1900, p. 283. 
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Farms and angles ofneptunite. 
Monoollnio, a-1.3104; c-0.8076; i9-G4<'22'. 
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No. 


Letter. 


Symbol. 


* 


P 


Refer- 
ences. 


MiUer. 


Gold- 
Bchmidt. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 


6 
m 
a 



I 

r 
9 

V 

h 
s 

r 

V 
u 

X 

/ 

c 
e 
d 


010 
110 
100 
111 
112 

521 
211 
221 
887 
111 

522 
511 
512 
311 
712 

TOl 
001 
501 
501 


Ooo 

00 

ooO 

-1 

-\ 

-2 
-21 

+2 

tf 
III 

-u 

-u 

-10 



-20 

-30 


o / 

00 
40 07 
90 00 
13 57 
19 05 

22 12 

47 29 

48 44 
53 43 

55 10 

56 31 
62 39 

71 42 

72 14 
78 04 

90 00 
90 00 
90 00 
90 00 


o / 

90 00 
90 00 
90 00 
39 45 
23 08 

60 11 
50 05 
67 47 
57 20 

54 43 

55 40 
60 22 
52 08 
69 18 
62 47 

11 20 
25 38 
41 22 
57 21 












2,4 


1,2 
5 


3 




2 
2 

2 




1,2 



1. Flink, G., Beschreibiing eines neuen Mineralfundes aus Gr5nland: Zeitschr. 
Kryst. Min., vol. 23, 1894, p. 346. 

2. Flink, G., B^Sggild, O. B., and Winter, C, Untersuchungen fiber Mineialien von 
Julianehaab: Meddelelser om Gr0nland, vol. 24, 1899. 

3. Hlawatsch, C, Bemerkung zum Aragonit von Rohitech, Natrolith und Nep- 
tunit von San Benito: Min. pet. Mitt., vol. 28, 1909, p. 293. 

4. Louderback, G. D., and Blasdale, W. C, Benitoite, its paragenesis and mode of 
occurrence: Bull. Dept. Geology Univ. California, vol. 5, 1909, p. 331. 

5. The present paper. 
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ORBICULAR GABBRO FROM PALA, SAN DIEGO COUNTY, 

CALIFORNIA. 

A large number, a hundred or more, of what seemed concretions, 
were found lying loose on the simmiit of Hiriart Hill, near FaJa, Saa 
Diego Coimty, Cal. The writer's attention was called to them by 
Mr. F. M. Sickler, of Paia, who found them while exploring the hill 
for si>odumene (kxmzite). Many of them are broken, and an exami- 
nation of one of them showed the apparent concretions to be the 
orbicules of an orbicular phase of the hornblende gabbro which forms 
this hill. This orbicular phase has weathered away, leaving behind 
nothing but these hard balls. Careful search of the rock revealed 
two or three poorly developed orbicules in the gabbro, but the main 
mass of the original orbicidar rock has entirely disappeared. These 
orbicules have an average diameter of 2 to 2 i inches and vary some- 
what in shape, rarely being regularly elUpticaJ, but usually being of a 
distorted spherical shape. 

The center is occupied by coarse-grained feldspar and some ferro- 
magnesian minerals, which are surrounded by radiating prisms that 
can not be determined by the eye alone. The radiating mass is 
black in spots and the orbicule always shows a brownish border a 
millimeter or two wide, which is merely a zone of weathering. The 
entire orbicide is somewhat altered, brownish stains being common 
throughout. The orbicules have no concentric structure except the 
outer zone of weathering. 

Microscopically, the minerals present are seen to be olivine, hyper- 
sthene, hornblende, feldspar, and iron oxides, such as magnetite and 
limonite. The olivine occurs in irregular masses nearly always sur- 
rounded by green hornblende. It is full of cracks, and near the edge 
of the orbicide it is much altered to iron oxide. It is colorless, non- 
pleochroic, with a very high relief and birefringence. The hyper- 
sthene is strongly pleochroic (from pink to colorless to pale green) 
and shows a, high relief with low birefringence. It is in places sur- 
rounded by green hornblende. The hornblende occurs as a border 
around the olivine and hypersthene and also as small shreds of 
original mineral. It is generally green but becomes slightly brownish 
in places. It is commonly altered to chlorite. The feldspar is 
labradorite with symmetrical extinctions of about 37**. 

The radiated structure is caused by the formation of long narrow 
masses of olivine, hypersthene, and hornblende, the olivine being the 
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OBBICITLAB GABBED PEOM PALA, SAN I>IEGO COUNTY, CAL. 59 

most abundant. They are irr^ular in their shape and show no 
definite boundaries. They are in general continuous for some little 
distance, but many are formed of pieces lying in a straight line 
but not connected. The green envelope or rim of hornblende com- 
monly surrounds the olivine, and a niunber of specimens were noticed 
where a border of pink hypersthene separated the hornblende from 
the olivine. Where there is also a fringe of deep green chlorite sur- 
rounding the hornblende the combination makes a very pretty section. 
In some specimens it seems that the hypersthene alters directly to 
chlorite. The orbicides are not so perfectly developed as those 
described by Lawson^ from Dehesa, San Di^o County. The con- 
centric structure there found is entirely lacking in the Pala rock, 
while the radiated structure is but poorly developed. One of the 
most interesting things about the Pala orbicidar rock is its peculiar 
mode of occurrence, the orbicules lying loose in the soil instead of 
being embedded in the solid rock as at Dehesa. 

1 Lawson, A. C, The orbloalar gabbro at Dehesa, San Diego County, CaL: BulL Dept. Oeology Univ. 
Califoxnia, vol. 8, No. 17, 1004, irp. 888-380. 
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THE REFRACTIVE INDEX OP OIL OF CINNAMON. 
INTRODUCTION. 

The use of organic liquids of known refractive index (n) for determin- 
ing the index of refraction of a mineral has reached a very extensive 
application in late years. Niunerons papers have ajipeared recently, 
several by F. E. Wright, which have set forth the different 
methods of using the liquids. One of the commonest liquids is oil 
of cinnamon, which is easily obtainable, has a rather high index 
(1.6), and mixes easily with oil of cloves (n = 1.53) and oil of cedar 
(n= 1.51) to form a series which covers especially the row of plagio- 
clase feldspars, a group of minerals very important in petrography. 

Having prepared a large niunber of these solutions for geologists 
of the survey, the writer observed that the cinnamon oil varied in 
refractive index even while the measiu*ement was in progress. If 
this variation was at all large it would preclude the use of the oil, 
and a detailed examination was therefore imdertaken to determine 
the variation and to decide whether or not the oil was suitable 
for a standard measure. It was intended to subject to such an 
examination all the liquids commonly thus used, but lack of time 
has necessitated the postponement of the investigation. As soon as 
opportunity is presented, however, the study will be completed in 
order to furnish the information necessary for the use of the several 
liquids. This paper on the oil of cinnamon serves, therefore, as an 
introduction to the subject and shows the necessity for a complete 
knowledge of fundamental data. 

GENERAIi DESCRIPTION. 

Cinnamon oil is obtained from the inner -bark of a tree {Oinnan 
momum zeylanicum, belonging to the natiu'al order Laurinese) 
indigenous to Ceylon, but now also grown in Brazil, the West Indies, 
Egypt, Java, and on the Malabar Coast; Ceylon, however, produces 
by far the best quality. Cassia cinnamon and saigon cinnamon are 
obtained from different species of Oinnamomum, and the oils derived 
therefrom differ chemically from the true Ceylon oil of cinnamon. 
The cinnamon bark contains a volatile oil (oleum cinnamoni), tannin, 
sugar, and mannite. By distillation from one-half to 1 per cent of 
oil of cinnamon is obtained. The color of the fresh oil is yellow, but 
it deepens by exposiu'e to air, becoming browner. 

The oil consists chiefly of cinnamic aldehyde, CeH.CH.CH.CHO, 
with smaller quantities of cinnamic acid, C^Hj.CH.CH.COaH. Thorpe * 

> Thorpe, T. E., Dictionary of applied chemistry, vol. 3, 1803, p. 12. 
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mentions, in addition, the presence of a small quantity of a laevo- 
gyrate hydrocarbon. Cinnamic aldehyde^ melts at —7.5^ C, and is 
decomposed by boiling at atmospheric pressure. Its density is about 
1.05, and refractive index about 1.61. By oxidation on exposure to 
air it forms cinnamic acid, which sometimes crystallizes from oil of 
cinnamon. Cinnamic acid forms colorless monoclinic prisms, which 
melt at 133® and boil at about 300** with or without decomposition 
according to the physical conditions. It is easily decomposed into 
styrene, CeHg.CH.CH,, and carbon dioxide, COj. Oxidizing agents 
convert the acid first into benzoic aldehyde and then into benzoic 
acid. 

The above description of oil of cinnamon and its chief constituent, 
cinnamic aldehyde, which readily oxidizes to cinnamic acid, clearly 
shows how unstable a liquid it is, and therefore how unsuitable for 
any purpose requiring a medium of constant physical properties. 

MEASUREMENTS OF REFRACTIVE INDEX. 

The first series of measurements were made to determine the varia- 
tion of the refractive index according to the temperature. For this 
piUT)ose the small bottle with a thermometer stopper combined with 
the Abbe-Zeiss refractometer was employed. This was cooled in 
ice to about 0^ and then placed on the glass hemisphere of the refrac- 
tometer and the readings taken when the thermometer showed the 
desired temperature. By the use of the micrometer tangent wheel, 
which gives readings to 6 seconds, the measurements coidd easily 
and quickly be made. The oil of cinnamon showed practically no 
dispersion, and the values given for sodium light represent closely the 
index for daylight. No difference in the value of the index could be 
detected by using red lithium or green thallium light. The values of 
the index of refraction (n) for yellow sodium light, as measured, are 
shown below for the different temperatures. 

Values of index of refraction of oil of cinnamon for different temperatvres. 



Tem- 




Tem- 




Tem- 




pera- 


n. 


pera- 


n. 


pera- 


n. 


ture. 




ture. 




ture. 




^C. 




""C. 




^C. 




6 


1.5996 


13 


1. 5978 


21 


1.5942 


7 


1.5995 


14 


1.5973 


22 


1. 5938 


8 


1. 5991 


15 


1. 5970 


23 


1. 5936 


8i 


1. 5989 


16 


1.5966 


24 


1. 5929 


9 


1. 5989 


17 


1.5958 


25 


1. 5926 


10 


1.5983 


18 


1.5956 


26 


1. 5921 


11 


1. 5979 


19 


1. 5949 


27 


1. 5917 


12 


1. 5976 


20 


1.5946 











1 BeOstolD, F.a Handbuch d. organisQlien Ghemle, voL 8, 1897, p. 5^ 
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These values are plotted and the resulting straight line shown in 
figure 3. From the readings, with a temperature variation of 21^^ 
the refractive index varies from 1 .5996 at 6*^ to 1 .6917 at 27^. There- 
fore there is a decrease in the index of 0.00037 for every rise of 1^. 
From the plotted line (fig. 3) the refractive index at 0^ is found to be 
1.6022, and at 30*" it is 1.6907, a change of 0.0116 for 30*" change in 
temperature. From these values it is found that a change of tem- 
perature of 1** causes the solution to vary 0.00038 in the index. This 
change is reciprocal — that is, as the temperature increases the index 
of refraction decreases. The amount may be given as 0.0004 tor a 
change of 1**.* 

The variation in temperature at different seasons is therefore suffi- 
cient to cause an appreciable change in the index of refraction of the 
oil of cinnamon. Even during the day the variation in temperature 
is enough to markedly change the value. The following table gives 
the values for n at three different temperatures, which are often 
reached indoors at Washington during the year: 

Variation of index of refraction of oil of cinnamon. 



Temperature, 
Fahrenheit. 


Temperature, 
centigrade. 


n (Oil of 
cinnamon). 


o 

100 
70 
60 


o 

38 
21 
10 


1.5877 
1.5942 
L5983 



Another cause of variation, and one that is much more detrimen- 
tal to the use of oil of cinnamon as a liquid of known refractive index, 
is its variability on exposure to air. Tliis is owing to the oxidation of 
the cinnamic aldehyde to cinnamic acid. That this change is veiy 
rapid and also important is shown by the following table, which 
represents three sets of experiments. A drop of the oil was placed 
on the glass hemisphere of the refractometer and exposed to the 
air, readings being taken at definite time intervals. An exposure of 
only half a minute is sufficient for the index to increase 0.001 in 
value. 



1 The yarlatkm for nitrobenxol is likewise 0.0004 for 1* ohange In temperature, 
▼ol. 44, 1906, p. 620. 



Zeitsohr. Kryst. IOil, 
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Change of refractive index of oil of cinnamon due to oxidation. 
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Time of expoeure. 


Gain in refractive index. 


1 


2 


3 


^ minute 


0.0012 
18 
27 
32 
35 
38 




0.0009 
15 
24 
29 
32 
36 


1 minute 


0.0015 
24 
27 
30 


2 minutes 


3 minutes 


4 minutes 


5 minutes 







Therefore in 5 minutes the solution increases nearly 0.004 in value. 
One set of observations (the third), showing the change in index on 
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FiouBS 3.— Variation in index of refraction ior oil of cinnamon. 

exposure to air, is given below, and the other values are combined in 
the curve shown in figure 3. 
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ValueB ofrefracUve index of oil of cinnamon on eocpoture. 



Time of ex- 


Refractive 


Time of ex- 


Refractive 


poBiire in 


index 


posure in 


index 


minutes. 




minutes. 







1. 5936 


10 


1.5993 


i 


45 


11 


1.6000 


1 


51 


12 


00 


2 


60 


15 


05 


3 


65 


19 


14 


4 


68 


25 


14 


5 


72 


30 


18 


6 


77 


35 


21 


7 


81 


50 


25 


8 


84 


60 


27 


9 


87 


76 


33 



As may be seen by reference to the curve of figure 3, the change 
in refractive index is very rapid for the first 10 minutes; then it grad- 
ually decreases in rapidity but still slowly gains even after an hour's 
exposure. The most rapid change occurs in the first 5 minutes, 
when a gain of nearly .0.004 takes place. After 10 minutes the total 
change is 0.006, after 20 minutes 0.008, and after an hour's exposure 
0.009. The change then progresses slowly, and probably increases 
till the maximum is reached, which is probably about 1.615, though 
the writer does not know if this value has been determined. This 
would be a solution of cinnamon aldehyde saturated with cinnamic 
acid, and Wright and Larsen* give 1.615 for the refractive index of 
cinnamon aldehyde. 

SUMMARY. 

The results here given show that oil of cinnamon undergoes a 
marked change of refractive index on exposure to air. During 5 
minutes, a time which may well be consumed in manipulation, the 
refractive index of the oil increases by 0.004. The variation of 
the index for a change in temperature of 1° is about 0.0004, the varia- 
tion being reciprocal. The solution should therefore be standard- 
ized for a certain temperature and correction made for any variation 
therefrom. However, the variability due to oxidation is much 
greater, rendering oil of cinnamon unsuitable for any accurate 
work. The only known way to obviate this eflfect is to have the oil 
form a saturated solution of cinnamic acid in the cinnamic aldehyde, 
and a long exposure to air is necessary to obtain this. The best 
procedure where accuracy is essential is to avoid the use of oil of 
cinnamon altogether. 

1 Wright, F. E., and Laraen, E. S., Optical study (on diopsidet etc.): Am. Jour. Sci., 4th aor., voL 27, 
1900, p. 3^ ' 
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INDEX OF REFRACTION OF CANADA BALSAM. 

The refractive index of Canada balsani; as it occurs in the thin 
sections made for the United States Geological Survey, was deter- 
mined on the request of Mr. F. C. Calkins, who had foimd ^ that 
the index, or n, was not absolutely constant, but varied between two 
extremes. By the examination of 300 slides he foimd n to reach 
and even slightly exceed w of quartz (1.544), though n was found 
greater than 1.544 only in the proportion of one slide in a hundred. 
The excess was very small and the balsam was decidedly yellow. 
The lowest value found by him was about 1.535 ±.002. 

The value of n for sodium light was determined with an Abbe- 
Zeiss refractometer by total reflection on three sets of slides, these 
being (1) not cooked as much as usual, (2) cooked ordinarily, and (3) 
overcooked. The differences foimd between (1) arid (2) are verv' 
sUght and, in fact, the individual values show almost as much varia- 
tion as that between the groups. The values obtained for n are : 

Values of refractive index/or Canada hcUsam. 



1 


2 


3 1 

1 


1.539 


1.536 


1.543 


1.538 


1.538 


1.540 


1.539 


1.539 


1.540 
1.542 
1.541 



The average values are for (1), 1.5387; for (2), 1.5377; for (3), 1.5412, 
or, as the average of all, 1.^95, which is almost identical with the 
value (1.5393) given by Becker ^ in 1898. A determination of n in a 
sUde six years old gave the value 1.5390. These values show that, in 
general, n Hes very close to 1.539 and that this value may well be used 
in a study of a thin section, though the actual possible variation was 
found by Mr. Calkins to be from 1.535 to 1.545, the extreme values, 
however, being but seldom reached. The imcooked liquid balsam 
has a refractive index of 1.524, which, after cooking, rises to 1.54. 
The older the slide the higher becomes the index of the balsam, and 
after some time, especially if the slide is exposed to the air, the 
index rises toward the highest value, or 1.545. 



> Science, vol. 30, p. 973, Dec. 31, 1909. 
-Bull. 490—11 5 



3 Am. Jour. Sol., 4th ser., vol. 5, 1896, p. 849. 
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SIDERITE AND BARITE FROM MARYLAND. 

SIDERITE. 
OCCT7BBENOE. 

A number of specimens of small splendent crystals of sideiite were 
obtained through the courtesy of the Foote Mineral Co. of Philadel- 
phia, the locality being given as '^within 2 miles of Frostburg, Md.*' 
The crystals are very small and are deposited in great numbers on a 
massive gray sideiite rock. A very striking feature of the sideiite 
crystals is their splendent play of colors. Though brown in color, 
they are very iridescent, the light reflected from their surface being 
of all colors. Associated with the siderite crystals and intermingled 
with them are. numerous small barite crystals. 

The matrix is a compact impure iron carbonate, having a specific 
gravity of 3.7, in which are embedded occasional masses of white, 
opaque barite, showing good cleavage. In the rock are numerous 
cavities lined with siderite and barite crystals derived from the 
massive rock, the specimens forming geodes. 

The crystals of siderite vary from exceedingly minute ones up to 
those of a millimeter in length and breadth. Most of them are 
attached to the matrix by one end, though many irregularly scat- 
tered through the mass are attached at both ends. The entire layer 
of crystals is about a millimeter in thickness. 

OHBMIOAL OOMPOSITION. 

A number of the crystals were broken from the matrix. From 
these some were very carefully selected and were freed from a 
small amount of barite by the electromagnet. About one-tenth 
of a gram of pure crystals was finally obtained, each crystal having 
been picked out and found to be free from any foreign matter. It 
was noted that the crystals did not possess a uniform color, some 
of them being a much lighter brown than others. It was at first 
thought that the lighter colored ones contained calcium or magne- 
sium, but such was found not to be the case. The difference be- 
tween the shades of color is probably due to the varying amount of 
ferric iron in the crystals.* The selected crystals were dissolved in 

1 siderite should be white If chemioally pore. The brown color so often observed may be doe to a very 
alight oxidation of the ferrous iron to the feirio ooodition, which ferric oompoond then lematDS in the fenoui 
carbonate in a state of solid solution. 



6a 



Digitized by VjOOQIC 



SIDEEITE AND BABITE FROM MARYLAND. 



67 



hydrochloric acid and the iron precipitated with anmionia and 
weighed. Tests made for manganese, calcium, and magnesium 
proved their absence. The weighed iron oxide was fused with sodium 
bisulphate, reduced and titrated with potassium permanganate, 
giving practically the same figure. There was found 62.21 per cent 
FeO (calculated 62.07 per cent FeO). The crystals are therefore 
pure iron carbonate and well suited for obtaining crystallographic 
constants for siderite. 

OBYSTAIiLOaitAFHY. 



FORMS. 

The siderite crystals have a rather unusual habit for that mineral, 
the dominant form being the scalenohedron t;{2l5l}, the common 
form for calcite. A number of other forms are present, and a very 
marked feature of these ciystals is that there are concave roimded 
hollows in approximately the places where the a face should come. 
The crystals are highly polished and seemingly should give perfect 
reflections, but on examining them on the two-circle goniometer it 
was found that the faces were not as perfect as was at first thought, 
chiefly because some of the lai^e scalenohedral faces appear broken 
and the parts slightly displaced, yielding more than one signal several 
minutes apart. The crystals were mounted in polar position on the 
two-circle goniometer, and so adjusted that on turning the vertical 
circle (the horizontal one being clamped) the reflections from the 
several faces of each form fall, respectively, in a vertical line coin- 
ciding with the vertical cross hair. After the crystal was adjusted 
as perfectly as possible, the reading on the horizontal circle was 
taken for each face, the signal being brought to the exact center of 
the field in each case. The forms present are: r{10Tl}, Z{7075}, 
Jfc{5052},/{0221}, t;{2l3l}, y{325l}. 

The form Z{7075} occurs but once as a small face below {1011} but 
larger than that face. The reflection was fair. 

Measured and calculated angles of the form I {7075} on siderite. 





</> 


P 


Measured 

Calculated^ 
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14 
00 


o / 

52 49 

53 07 



« From element derived by writer. 



The form Jc {50E2} occurs as a minute line face, somewhat rounded 
and tnmcating the edge of the scalenohedron v { 2 1 5l } . The measure- 
ments showed that the p angle was about 68°, though no accurate 
measurement could be obtained (calculated /) = 67° 120- The unit 
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rhombohedron r occurs on nearly all of the crystals as small faces 
truncating the apex of the crystals. The new scalenohedron y (3251 } 
occurs on all the crystals and is a characteristic form for this locality. 
Though it varies in size, becoming relatively wide and short or narrow 
and long, its general size is shown in figure 4. 

The zone vyy^"'^ is in some specimens somewhat striated between 
xj and t/^ and by using the dot signal it was seen that there was a 
maximum of brightness in the position required for the faces 
{7.6.T3.1} and {ll20}. It could not be shown, however, that these 
faces were actually present. The form /{ 0221} occurs as broad dull 
faces giving no reflection and only an almost 
imperceptible haze of light. Measurements of 
the p angle gave values from 59° to 62° (cal- 
culated 62° 17'). 

The concave hollows give an indefinite blaze 
of light in the zone of the negative rhombo- 
hedrons, about 80° from the base, so that they 
do not reach down to the prism zone. A study 
of these hollows on the goniometer, the dot 
signal being used, showed that they consisted 
of vertical striations approximating in the cen- 
ter to the form {0651 } and at the extreme edge 
to {1120} with many forms in between these. 
Figiu-e 4 is an attempt to illustrate the actual 
appearance of these crystals showing particu- 
larly the concave hollows. The indentations 
in the orthographic projection are somewhat 
exaggerated. With the exception of these and 
the broad, dull faces, the crystals are highly 
polished and do not show any etching. It 
seems more plausible to regard these hollows 
as the result of an incomplete or skeletal 
growth rather than to consider them as the 
result of etching. They are in a way analo- 
gous to the hopper-shaped crystals of sodium 
chloride in which the two planes (001) and 
(100) (in one zone) alternate and the resultant hollow has in cross 
sections a V shape. In the siderites, however, instead of an alterna- 
tion of the two planes {0661} and {ll20}, there is a gradation from 
the prism to the rhombohedron, and the result is a rounded hollow 
instead of a sharply angular one. 




Figure 4.— Slderlte froui 
Maryland. 
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ETCH FIGURES. 

A cleavage piece of siderite was left standing in very dilute hydro- 
chloric acid for several days and then examined under the microscope, 

when well-defined etch figures could be - 

observed. As shown in figure 5, these / 

are triangular in shape and possess a / ^^o 

plane of symmetry parallel with the / ^ 

shorter diagonal of the cleavage rhomb / ^ 

of siderite. They resemble in sjrmmetry ^ 

the figures shown in Miers^s Mineralogy ^^^ s-Etcii figures of siderite. 

(p. 112) for calcite and not those, given for dolomite. The symmetry 
of siderite is the same as that of calcite and not that of dolomite — a 
conclusion sustained by the forms of the crystals. 

VALUE FOR C AXIS. 

Although siderite is a common mineral, good crystals are rare and 
the Uterature is very poor in accurate crystallographical data. The 
only value given for the axial ratio, which is adopted in all books, 
is one obtained in 1812 by Wollaston. His statement in regard to 
siderite is as follows: * 

I have examined various specimens of this substance, some pure white, others 
brown, some transparent, others opaque. That which gives the most distinct image 
by reflection is of a brownish hue, with the semi transparency of horn. It was ob- 
tained from a tin mine, called Maudlin mine, near Lostwithiel, in Cornwall. By 
repeated measurements of small fragments of this specimen the angle appears to be 
BO nearly 107® that I can not form any judgment whether in perfect crystals it will 
prove to be greater or less than that angle. 

In this instance the carbonate of iron is nearly pure, and so perfectly free from 
carbonate of lime ♦ * *. 

The measurements of the faces giving good reflections were used 
for calculating a value for the c axis. The angles for the same form 
varied somewhat on different crystals, though the values obtained 
from the measurements of different forms agree very well with each 
other. From the average reading the following values were cal- 
culated: 

Calculation ofc axis of siderite. 

10 measurements of r (lOll) c =0. 82352 

27 measurements of v (2l3l) c = . 82463 

16 measurements of y (3251) c = . 82311 

Average c = . 8240 

An attempt was made to measure the cleavage angle directly, but 
it was found that the resultant cleavage faces were never perfectly 
plane, with the result that each face gave several signals. 

1 Phil. Trans., 1812, p. 159. 
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After this value for c was obtained and found to be different from 
the commonly accepted value, 10 more crystals were measured, and 
after the greatest care in so adjusting each crystal that the reflections 
from the scalenohedral faces of v fell as nearly as possible in a straight 
line each reflection was carefully measured. In the case of more 
than one signal the extremes were measured and the average taken. 
The average value for the p angle for each crystal (six faces) is: 

Measurements of p for v {2l3l}, siderite. 

O / I o / 



68 


14 


68 21 


68 


26 


68 27 


68 


18 


. 68 20 


68 


15 


68 19 


68 


16 


68 29 
Average 68° 20V; c=.8243 



The values for the two extremes, 68° 14' and QS"" 29', are: c=.8197 
and c = .8302. 

Taking the average of the value found from r, v, y, namely, .8240, and 

that foimd from the 10 crystals, namely, .8243, we get as a value for the 

c axis for siderite of known purity c = .8241. Whether or not this 

value is more accurate than the one commonly accepted is difficult 

to decide. Palache^ has measured some crystals which gave values 

agreeing with the commonly accepted value of the c axis, so that the 

question as to the true value of the fundamental crystallographic 

constant of siderite is one which still remains to be determined by 

more measurements. 

BARITE. 

OCCXJItBBNCB. 

The barite occurs in three different forms on the specimens seen 
by the writer. The first is the white massive form, which is often 
embedded in the matrix. It is generally opaque and shows a good 
cleavage. The second form occurs as an opaque white efliorescence, 
which is composed of an aggregate of minute crystals. The third 
form is present in transparent colorless crystals, some of which 
reach a length of several millimeters, though most of them are rather 
smaller. The largest ones seen were about a centimeter long and 
a millimeter or two thick. On some specimens these transparent 
crystals are attached by one end to the massive barite and form a 
fringe, as it were, around it, the crystals standing normal. This 
occurrence is very suggestive of a secondary formation of the crys- 
tals — that they are derived from the massive barite in the matrix. 
The large clear crystals are probably a more perfect development 
than the white efflorescence and both are doubtless derived from 
the massive barite. In the massive barite there are no siderite 
crystals, though small fragments of the matrix are included therein; 

1 Palacbe, Cm Mineralogioal notes: Am. Jour. Sci., 4th ser., vol. 24, 1907, p. 254. 
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and in the eflOiorescence crystals of siderite are commonly inclosed, 
and the clear large barite crystals are intermingled with those of 
siderite. 

CnetYSTAIXOailAFHY. 

The crystals of barite are of especial interest, as they are of an 
uncommon habit — prismatic, elongated parallel to the vertical 
axis. Such crystals have been noticed before, but they are not the 
common form for barite. 

The faces of the crystals are highly poUshed and gave excellent 
signals. The prism zone is striated on some specimens, especially 
on the macropinacoid, though for the most part the zone is not 
striated and each face is distinct and plane. The forms present are 
as follows: 

Forms of barite. 

clOOl} mlllO} 

6{010) 7)h20 

a 100} Jl{210 

rt 130} Oil 

Bhio] d{l02\ 

njl20} / 104} 

N{230] v{llb) 

The prism 5(370} occurs twice on two crystals as small faces, 
giving a fair reflection. The ^ angles measured are as follows : 28° 09', 
27° 52', 27° 45', 27° 41' (calculated, 27° 45'). The 
form was first noted by Dtising ^ and classed as doubt- 
ful by Dana; it is not iiicluded in Gk)ldschmidt's Winkel- 
tabellen. 

The pyramid F{551} measured (p): 84° 55', 84° 
58', 84° 08', 84° 45' (calculated (p) 84° 45'). It is 
present as very narrow and small faces. 

The general ideal view of these crystals is shown in 
figure 6. Some of the crystals are flat, parallel to the 
macropinacoid, but most of them are of equal diam- 
eter horizontally. Some of them, too, have one side 
of the terminated end much larger than the other 
side, but in general the crystals are fairly symmetrical. 

On account of the excellence of the signals an axial 
ratio was calculated from the measurements. A value 
for a was obtained from the prism faces, and using ^^m^M^i^*** 
this value the value for c was obtained from the 
pyramids and domes (the crystals being measured on the two-circle 
goniometer). From 44 values for a and 70 values for c, the values 
a=.8146, c = 1.3126 are obtained, and these are very close to the 
accepted values. 

» Zelt3chr. Kryst. Min., vol. 14, 1888. p. 481. 
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NOTES ON PURPURITE AND HETEROSITE 
INTRODUCTION. 

The mineral purpurite, a hydrous manganic ferric phosphate, 
(Mn,Fe)308.P305.HjO, was first found in North CaroUna by L. C. 
Graton and a description of it was pubUshed ^ in 1905. On account 
of its rich purple or dark-reddish color it was named purpurite, from 
the Latin purpura, purple or dark red. Since the original discovery 
the same mineral has been found at several other localities. 

Lacroix, to whom some of the original purpurite from North Caro- 
lina was sent, has stated * that purpurite is identical with heterosite. 
In view of this the writer proposes to restrict the name heterosite to 
the ferric phosphate and the name purpurite to the manganic phos- 
phate. Heterosite predominates (76 per cent) in the material from 
South Dakota, but purpurite predominates (65 per cent) in that from 
North CaroUna. 

PURPURITE FROM NORTH CAROLINA. 
OCCITBItBNCE. 

Graton gives the following description of the occurrence and 
physical properties of the mineral: 

The mineral piupurite is found in small irregular masses in the tin- 
bearing pegmatite dikes and in the near-by schist at the Faires mine 
at Kings Mountain, Gaston Coimty, N. C. It generally occurs in 
narrow lenses or veinlets, and appears to have been deposited from 
solution in cavities. Occasionally, however, it is found in the midst 
of the pegmatite as if it were an original mineral. 

Among the primary minerals of the tin-bearing pegmatites are 
cassiterite, tourmaline, apatite, spodumene, lepidoUte, and a yellowish- 
brown, lithia-bearing phosphate, which is doubtless lithiophilite. The 
last two minerals have been found only in small quantities. Partially 
decomposed specimens of this pegmatite frequently show much man- 
ganese dioxide as thin mammillary coatings on the other minerals. 
Ilmenite is often included in crystals of cassiterite. It is evident, 
therefore, that the elements manganese and iron (as monoxides), 
Uthiimi, and phosphorus (as phosphate) were primary components of 
the pegmatite magma. 

» Graton, L. C, and Schaller, W. T., Purpurite, a new mineral: Am. Jour. Scl., 4th ser., vol. 20, 1905, 
pp. 14^151. 
3 Lacroix, A.. Min^ralogie de la France, vol. 4, 1910, p. 400. 
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The mineral presumed to be lithiophilite is always surrounded by a 
coating of black, secondary material. In one case, a narrow zone of 
purpurite was found between the Uthiophihte and the black mineral. 
It is beUeved that this single occiurence furnishes the explanation of 
the origin of piupurite. A lithia-manganous-ferrous phosphate, prob- 
ably Uthiophihte, was attacked by oxidizing solutions. The Uthia 
was almost wholly carried away, and of the remaining elements the 
iron and manganese were oxidized to the state of sesquioxides and 
were recrystalUzed with the phosphoric acid and water to form pur- 
purite. The trace of Uthium which this mineral contains is a remnant 
of that from the Uthiophihte. In some cases the recrystalUzation took 
place without transportation of the materials, forming pseudomorph- 
ous replacements, but in general the materials were carried in solution 
to cavities and there deposited. 

PHYSICAL PROPERTIES. 

Purpurite is orthorhombic, but no specimens from North Carolina 
have been found which show crystal outline. A cleavage which is 
probably pinacoidal is rather well developed, but many of the 
cleavage surfaces ate curved as if the orientation of adjoining grains 
were not exactly the same. A second cleavage, presumably at right 
angles, is considerably less distinct. The mineral has an uneven 
fracture and is rather brittle. It is scratched without difficulty by 
the knife, but on the other hand just scratches fluorite; hence it has 
a hardness of 4-4.5. In color the mineral is a rich deep red or reddish 
purple, sometimes with a slight bronzy iridescence, and not imcom- 
monly darker on the cleavage planes. The powder and the streak 
have a decided purple or deep rose color. The mineral has a pecuUar 
satiny luster or sheen more noticeable on fracture surfaces than on 
cleavage planes. 

Although very thin pieces of purpurite are transparent, the ordinary 
thin section allows but Uttle light to pass through. The colors in 
transmitted Ught are very beautiful, the mineral being strongly 
pleochroic. ParaUel to the cleavage the color is deep scarlet inclining 
to rose red, but across the cleavage the absorption is greater and the 
color becomes a beautiful purple. This absorption, it will be noticed, 
is similar to that of tourmaline and a few other minerals, in which the 
greatest absorption is at right angles to the direction of cleavage or 
elongation. EJxtinction is generally paraUel; an inclination up to 3° 
or 4°, which has been observed in a few instances, is probably due to 
the orientation of the sections examined. It may be, however, that 
the mineral is monocUnic with a very small extinction angle. Trans- 
parent sections were not of sufficient size to give an interference 
figure. No sections showed the intersecting cleavages, and in all the 
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sections examined the traces of the cleavages are parallel to the direc- 
tion of greater elasticity of the section; so if the mineral is biaxiid, 
the intersection of the cleavages is parallel to a. This is also the 
direction of least absorption. The refractive index is somewhat 
greater than that of Canada balsam, and probably lies between 1.60 
and 1.65. The difference of the indices or the double refraction is 
high, and although it could not be measured at all accurately is prob- 
ably not much below .060. One effect of this high double refraction 
on the very thin sections examined is that under crossed nicols the 
mineral appears to transmit as much and as briUiant light as withc>ut 
polarization. The red interference colors are very striking. 

All specimens of the purple mineral are covered or surrounded by a 
greater or less thickness of a black or brownish-black material of 
pitchy luster and imeven or subconchoidal fracture. This material,^ 
which is soluble in hydrochloric acid, contains iron, manganese, phos- 
phoric acid, and water. Under a lens the black material can be seen 
to encroach upon the purpurite, eating in along the cleavage planes 
and gradually replacing the purple mineral. Under the micros^cope it 
appears to be a definite mineral, having an imperfect cleavage, and a 
brownish-yellow color in transmitted light. Extinction is nearly or 
quite parallel to the cleavage, and the trace of the cleavage is the 
direction of least refractive index of the sections examined. Pleo- 
chroism is distinct, and, as in purpurite, absorption is greatest across 
the cleavage. The index of refraction is greater than that of Canada 
balsam, and the double refraction is probably rather high. 

CHEMICAL COMPOSinOK. 

About a gram of pure material was separated, which was divided 
into several portions, using about one-fifth of a gram for each deter- 
mination. The most interesting part of the analysis was to detennine 
the state of oxidation of the manganese. 

When the mineral, is treated with hydrochloric acid, chlorine is 
readily given off. The manganese present therefore can not be in 
the manganous state, and the absence of ferrous iron and the presence 
of ferric iron suggested that the manganese was present as a man- 
ganic salt. Such was found to be the case. 

A fifth of a gram was dissolved in sulphuric acid with a known 
amount of ferrous ammonium sulphate. All precautions were 
observed to exclude air, the entire operation being conducted in an 
atmosphere of carbon dioxide. The water used had been boiled and 
cooled out of contact with air. Just before the iron sulphate was 
introduced into the flask containing the mineral an equal quantity 
was removed from the stock solution and titrated with permanganate. 

1 Probably the pseudoheterosite of Lacrolx, op. cit., p. 469. 
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Thus the amount of fenx)U8 iron introduced into the flask with the 
mineral was known. After the mineral had been decomposed by the 
sulphuric acid, the flask was cooled and the solution titrated, the 
amount of iron sulphate oxidized by the Uberation of oxygen from the 
mineral being determined in this way. From these data the amount 
of MujOa was calculated and found to be 30.47 per cent. 

A second sample was decomposed by hydrochloric acid and the 
chlorine evolved passed into a solution of potassiimi iodide. The 
Uberated iodine was then titrated with sodium thiosulphate, the latter 
being standardized with pure copper. Calculating from the results 
obtained, the amount of MujOg was found to be 27.93 per cent. 
Though these results vary somewhat, yet, considering the small 
amount of material used (one-fifth of a gram) and the many operations 
necessary, the agreement is as close as could be expected. The 
average of the two results is 29.20 per cent. 

A direct determination of the total manganese, weighed as anhy- 
drous sulphate, gave as the amount of MnjO, in the mineral 29.35 
per cent, which agrees almost exactly with the average of the two 
indirect determinations. 

The remaining constituents were determined as follows: A portion 
of the mineral was dissolved in hydrochloric acid and a known weight 
of iron added (as ferric chloride). A basic acetate separation was 
then made and the solution boiled forl5 minutes, which, according to 
Bunsen, will precipitate all the phosphoric acid with the iron and will 
not precipitate any manganese. The precipitate was dissolved in 
hydrochloric acid, and reprecipitated by ammonia, after the addition 
of some anunonium chloride. The two filtrates were united, man- 
ganese precipitated by hydrogen sulphide, and finally weighed as 
anhydrous manganese sulphate. Calciimi was then thrown out, dis- 
solved, and reprecipitated, and magnesia found to be absent. The 
iron-phosphate precipitate was dissolved in hydrocholoric acid and 
divided into two portions. In one portion the iron and phosphoric 
acid were precipitated by ammonia and weighed. This was then 
fused up with sodium bisulphate and tested for manganese with silver 
nitrate and ammonimn persulphate. None was present. In the 
second portion the iron was reduced by hydrogen sulphide and titrated 
with permanganate. Phosphoric acid was determined in the usual 
way and a second value obtained by the difference between the iron 
and the iron plus phosphoric acid. The alkahes were determined by 
the Lawrence Smith method. The final solution of chlorides gave a 
strong spectroscopic test for Uthium. The water below 105° was 
determined directly, using a toluene bath. The total water was deter- 
mined directly by heating in a glass tube, according to Penfield. The 
water is aU given off at a low temperature, that at 105° being given 
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oflf very readily and at one time. Further heating at 105® failed to 
remove any more. The values obtained are as follows: 

Analysis and ratios of pwrpwrite. 
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Kadoe. 


FejOa 


15.89 

29.35 

47.64 

5.26 

1.48 

.84 

Trace. 

.52 






15.89 

29.25 

47.30 

5.26 

1.48 

.84 

Trace. 

.52 


1:32.96 

3.47 


M115O2 


30.47 
46.96 


27.93 


pA.. 


H^;:::::::::::::::::::::: 




3.04 


CaO 






•271 41 
. 14/ • ^^ 


Na^O 






LijO 






Insol 


















100.54 





The amoimt of water given off at 105*^ is 3.31 per cent. As all of 
the water is so readily given off, it is most probably present as water 
of crystallization. 

As the calcium and soda require some phosphoric acid, the ratio of 
R'^jOg : P2O5 : H2O is approximately 3 : 3 J 3. Combining the ratio 
of the calcium and sodium with that of the iron and manganese and 
reducing these to their hydrogen equivalent, the ratio becomes: 



or 



2[H2.97P.mO,.J.92H20. 



The formula for the mineral then becomes R^'jOa-PjOg + HjO, or 
R'"2P208 + H20. 

The exact state of combination of the calcium and sodium is 
unknown. They most probably represent some sUght impurity. If 
the manganic and ferric oxides are isomorphous in the sense that 
manganous and ferrous oxides are, the ratio of MujOg to Y^O^ being 
nearly 2 : 1 is of no significance and the formula should be written 
(Mn"', Fe^OaOa-PjOs-HjO, the mineral purpurite being near the 
manganic end of an isomorphous series having as its two end mem- 
bers: 

Fe3O3.P2O5.H2O 

MnjOg.PaOj.HjO. 

There are only a few hydrous phosphates of the normal division in 
which the base is trivalent, such as scorodite and strengite. All of 
these, however, contain more water than the mineral here described. 

Though no manganic phosphates were noted in the Uterature, there 
are a number of arsenates mentioned as containing MnjOj, with none 
of which, however, can purpurite be classed. Synadelphite, flinkite, 



Digitized by VjOOQ IC 



NOTES ON PUBPUBITE AND HETEB06ITE. 



77 



fll 




«***•>+ 



arseniopleite, and perhaps hematolite, contain Mn^O, with Al^O, or 
FoaOj, while in durangite and arseniosiderite, MnjOg is reported in 
small amounts. 

The mineral fuses easily and readily gives oflF water in a closed 
tube, becoming yellowish brown. It is readily soluble to a clear 
solution in hydrochloric acid, and in nitric acid a black oxide of 
manganese is separated. 

HETEROSITE FROM SOUTH DAKOTA. 

Some specimens of ore found near Hill City, S. Dak., were seen to 
contain a considerable amount of heterosite,* and through the courtesy 
of Mr. J. N. Smith, who sent in the first specimens, a larger quantity 
of material was obtained. Almost all the fresh cleavage surfaces of 
the black iron manganese phosphate, which 
chiefly forms the ore, are covered with a film 
of heterosite. The black phosphate when bro- 
ken transverse to the cleavage shows but little 
heterosite, which seems to be formed from the 
black mineral. 

The properties of the mineral as seen imder 
the microscope agree with those determined 
for purpurite from North Carolina. One small 
piece showing crystal outUne was noticed and 
is shown in the accompanying sketch (fig. 7). 
The extinction is parallel and the pleochroism 
is as follows: Parallel to the cleavage lines 
(vertical direction), rose red; normal to the 
cleavage lines, blue purple. The absorption parallel to the cleavage 
lines (rose red) is less than that at right angles to this direction. 
On account of the frequent occurrence of small platy masses show- 
ing cleavage lines, the mineral has probably two cleavages at right 
angles to each other, one more perfect than the other. It is probably 
the imperfect one which is normal to the figure and whose traces 
show in the vertical lines. 

A determination of the density was made, the value previously 
found from the small specimen of North Carolina material being 
unsatisfactory. The material was broken into small pieces and the 
fragments of heterosite picked out. The final sample was not pure, 
as a small amoimt of the black substance could not be separated. 
The density determination was made by weighing the mineral in 
water in a small test tube suspended from the balance arm. The 
result obtained is 3.40.* 



*Bhepufpfe 



FiQUBE 7.— Ueterosite from 
South Dakota. 



1 Ftrat described as purpurite. Am. Jour. Sci., 4th ser., vol. 24, 1907, p. 152. 

* Laoroix, A., Min^ralogle de la France, vol. 4, 1910, p. 469, gives 3.27-3.52 for heterosite. 
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The sample was air^dried for several weeks and then analyzed, 
with the results given below: 

Analysis and ratios ofheterosiUfrom South Dakota. 



I Analysis. I Radoe. 



PjO. 43.45 

^ 38.36 

12.08 
1.37 
4.82 

Insol .19 

MgO,Na30,Li20 Trace 






100.27 



.306 =1 

.2401 

.076[=1.06 

.008J 

.268 = .88 



The ratios agree fairly closely with those found in the original pur- 
purite, giving as the formula of the mineral (Fe,Mn)303,P205.H,0. 
The iron greatly predominates over the manganese in the South 
Dakota mineral, which is therefore called heterosite. 

HETEROSITE FROM CONNECTICUT. 

A small specimen from the well-known mineral locaUty of Branch^ 
ville, Conn., was kindly furnished the writer by the late Prof. Pen- 
field. This specimen is coated with a purple mineral whose optical 
properties as seen imder the microscope agree well with those of 
purpurite. 

Only a very small amoimt of fairly pure material (0.0197 gram) 
could be obtained for analysis. A direct determination of the water 
was made, but the phosphoric acid had to be determined by diflFerence. 
The results obtained are as follows : 

Analysis and ratios of heterosite from Connecticut. 



Fe^O,. 
M112O3. 

HaO... 



Analysis. 



27 

23 

[44] 

6 



100 



Ratios. 



31 
33 



32 



The ratios are nearly 1 : 1 : 1, giving the same formula as before, 
namely, (Fe,Mn)S):i.Yfi^,Ilfi. 



Digitized by VjOOQ IC 



NOTES ON PURPTJBITE AND HETEE06ITE. 



79 



PURPURITE FROM CALIFORNIA. 

Purpurite or heterosite has been noticed on some specimens from 
San Diego Coimty, Cal. These had been collected by the writer, and 
through the courtesy of Mr. F. M. Sickler, of Pala, several more speci- 
mens from this locality have been obtained. They are from one of 
the Uthium-bearing pegmatite dikes on Hiriart Hill, Pala, San Diego 
County. The mineral occurs with UthiophiUte, and possesses the 
same purple color as the North Carolina specimens. Under the 
microscope the appearance and properties of the mineral from the 
two localities are identical. There is, however, not enough of the 
California material for chemical examination. 

CONCLUSION. 

Considering now the three analyses from North Carolina, South 
Dakota, and Connecticut, it is seen that the iron and manganese 
vary reciprocally, so that the occurrences represent isomorphous 
mixtures of FejOg-PAH^O and MnA-PaOg.H^O. 

In the North Carolina mineral the manganese predominates and 
we have purpurite; in that from South Dakota the iron predomi- 
nates and we have heterosite; and in the Connecticut mineral the 
iron and manganese are present in nearly equal amounts. These 
relations can also be shown by the following table: 

Percentage composition of mixtures of purpvrite and heterosite. 



Locality. 


Approximate content. 


Fe2O3.P3Op.H3O 

(Heterosite). 


MnoOj.PaOj.HaO 
(±*urpurite). 


North Carolina 

Connecticut 


Per cent. 
35 
53 


Per cent. 
65 
47 


South Dakota 


76 


24 



In the original paper describing purpurite the suggestion was made 
that the pure end members be called ferripurpurite and mangani- 
purpurite. Since then the essential identity of the minerals with 
the French heterosite has been advocated by Lacroix, so that the 
names ferripurpurite and manganipurpurite shoiJd be replaced by 
the older names heterosite and purpurite, respectively. More accu- 
rately the North Carolina material should be called iron (or ferric) 
purpurite and that from South Dakota and from France manganese 
(or manganic) heterosite. 
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NOTES ON POWELLITE. 
POWELLITE FROM L.LANO COUNTY, TEXAS. 

Specimens of the powellite from Baringer Hill, Tex., described in 
this paper were received through the kindness of Mr. Wm. E. Hidden 
and represent a small lot that was found in January, 1907. Accord- 
ing to Mr. Hidden, who generously placed the material at the writer's 
disposal, the specimens are similar to those found by him in 1889 and 
referred to molybdite.* The reinvestigation of this mineral was 
undertaken because it had been suggested that it was probably a 
natural occurrence of the trioxide of molybdenum, the writer having 
shown in a previous paper ^ that molybdite was a hydrous ferric 
molybdate. (See also pp. 84-92.) Analysis showed, however, that 
this mineral from Baringer Hill is a calcium molybdate and is refer- 
able to poweUite. 

As received by the writer, the mineral is in loose pieces, some over 
a centimeter wide, associated with, coating, and in many specimens 
entirely replacing molybdenite. In fact, the poweUite forms a 
pseudomorph after the sulphide of molybdenum, the fohated struc- 
ture of the latter being frequently retained. The dirty white to 
gray mineral, some of which is stained brown by iron oxide, breaks up 
into small glistening scales which, when rubbed between the fingers, 
crumble to a pearly powder that adlieres to the skin and resembles in 
appearance some varieties of fine-grained talc. Under the micro- 
scope the mineral shows double refraction, but no crystal outline. 
The individual crystal units are very minute, the specimens being 
aggregates of very fine scales. 

A density determination was made on about 0.8 gram of the pow- 
dered sample. The pycnometer method was used and the deter- 
mination was carried out with care at a temperature of 25®. The 
value obtained for the sample is 4.153, which, when corrected for 
impurities as described below, gives 4.23. Hidden^ found the value 
4.004, which would indicate that his sample contained more impuri- 
ties than the writer's. 

Analysis of this mineral gave the following results, the mineral 
dissolving readily in HCl. QuaUtative tests failed to show the pres- 
ence of any tungstic oxide. The mineral is difficultly fusible and gives 
at the most only a trace of water in the closed tube. 

1 Am. Jour. Sci., 3d ser., vol. 38, 1889, p. 486. 2 Am. Jour. Sci., 4th ser., vol. 23, 1W7, p. 207. 
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Analysis of powelliU from Texas. 

CaO 27.46 

MoO, 67. 90 

Loss on ignition 2. 33 

MoSj 1. 50 

SiO, ^ 88 

100.07 

The ratio of CaO to M0O3 is 1 : 0.96, giving the formula CaMoO^. 

What is probably a similar occurrence of poweUite has recently 
been described* as possibly a natural occurrence of M0O3, the mineral 
differing in its physical properties from the hydrous ferric molybdate. 
The mineral forms a white or grayish alteration product of molyb- 
denite which it sometimes covers and after which it is pseudomor- 
phous, preserving the form of the molybdenite. The luster is pearly 
and the mineral is semitranslucent, difficultly fusible to a gray scoria, 
soluble in nitric acid, and does not contain any iron or water. The 
material was too scanty for analysis. 

POWELLITE FROM NYE COUNTY, NEVADA. 

The powellite from Nevada was received through Mr. F. L. Hess, of 
the United States Geological Survey, who states that the specimens 
were sent liim by Mr. F. O. Byor, of Columbia, Nev. The locaUty 
is given as 2 miles south of Oak Springs, Nye County, Nev. 

The poweUite occurs in a vein about li centimeters wide in a soft 
earthy mass, which seems to be an altered rock. In this rock are 
occasionally foimd irregular masses of poweUite, some of which are 
several centimeters across. The mineral is duU in appearance, gray 
in color, and occurs in platy masses often bent and twisted in different 
directions. 

Gray to white masses of scheeUte are embedded in this vein of pow- 
ellite and also occur as smaU masses and veins in the altered rock 
matrix. These masses of scheehte show good cleavage surfaces with 
highly vitreous to adamantine luster, many having also a decided 
greasy appearance. The association of scheeUte with powelUte side 
by side was thought to be most unusual, but other specimens showed 
that the poweUite, Uke the Texas mineral, was secondary, being 
formed in place from molybdenite; it is in fact a pseudomorph after 
the sidphide of molybdenum. Some other specimens showed the 
various stages of alteration very weU, the amount of unaltered 
molybdenite varying from a considerable quantity to almost none at 
aU. The association of molybdenite with scheeUte is weU known 
and when the molybdenite alters to powelUte, the association of 

* Oagarine, O., Molybdite fron the Ilmen Mountains: Bull. Acad. Imp. 8ci. St. P6tersbourg, 6th ser., 
1907, pp. 287-288. 
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powellite with scheelite necessarily follows. The agencies effecting 
the change from molybdenum sulphide to calcium molybdate are 
apparently without effect on the scheeUte. This pseudomorphous 
character of the powelUte accounts for its occurrence in platy masses, 
the structm-e of the original molybdenite being retained. On some 
of the specimens, notably those on which there is still a considerable 
amount of molybdenite remaining, the poweUite has a reddish color 
due to iron stain. 

The dull gray poweUite can easily be separated by hand picking 
from the shining greasy scheelite and a sample so selected was used 
for analysis. A thin section showed, imder the microscope, some 
quartz, hematite, and Umonite as impurity. 

The density of the mineral was determined by weighing a test tube 
containing about 6 grams of the mineral in water. The value obtained 
is 4.026, which, when corrected for impurities as described below, 
becomes 4.24. 

The analysis yielded the following figures, the small amoimt of 
timgstic oxide present being probably due to admixed scheeUte: 

Analysis of powellite from Nevada. 

CaO 26.44 

MoOj 62.43 

FeaO, 1.17 

Loss on ignition 2. 69 

SiOa 6.80 

WO, Trace. 

99.58 

The material insoluble in Hd was tested with HF and found to bo 
almost entirely siUca. The ratio CaO to M0O3 is 1 : 0.92, giving the 
formula CaMoO^. 

DENSITY OF POWEIiIilTE* 

The sample of powellite from Texas gave the value 4.153 as its 
density. This figure is corrected, on the basis of the following com- 
position of the sample, to 4.23. 

Mineral composition of sample of powellite from Texas, 

Silica (density, 2.65) 0. 88 

Water (density, 1) 2. 33 

Molybdenite (density, 4.7) 1. 50 

Powellite 95. 29 

100.00 

The presence of the water as such is of course an assumption, and 
the final value, 4.23, is necessarily uncertain, depending on the 
assumptions made. 



Digitized by VjOOQ IC 



NOTES ON POWELUTE. 88 

The powellite from Nevada gave 4.026 as its density, and from the 
analysis the composition of the sample was found to be as follows: 

Mineral compofUion of sample of poweUiU from Texas. 

Silica (density, 2. 66) 6. 80 

Water (density, 1) 2. 69 

Iron oxide (density, 3) L 17 

Powellite 89.34 

100.00 

Allowing for the impurities, the value is raised to 4.24, which, like 
the preceding case, is dependent on certain assumptions. 

As powellite and scheelite are doubtless isomorphous, we may be 
justified in assuming that they have nearly the same molecular vol- 
ume. Considering the molecular volumes as identical, and taking the 
gravity of scheelite as 6.14, the density of powellite then becomes 
4.267, as calculated by Melville.* 

As all previous analyses of powellite showed the presence of tungstic 
acid, the densities given are all too high for the pure calcium molyb- 
date. The two values obtained by the writer, though uncertain (as 
they are based on some assumptions made in applying the corrections), 
agree so well not alone with each other, but also with the calculated 
value, that the average of the three values (4.24, 4.23, 4.27), namely, 
4.25, may be taken as being very close to the true density of the pure 
calcium molybdate, CaMo04. 

1 ^m. Jour. Sci., 3d ser., vol. 41, 1801, p. 138. 
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CHEMICAL COMPOSITION OF MOLYBDIC OCHEK. 
INTRODUCTION. 

All the textbooks on mineralogy give the composition of natural 
molybdic ocher as agreeing with that of the artificial product, molyb- 
denum trioxide, MoOj, which may be obtained by oxidizing the nat- 
ural sulphide, molybdenite. As far as known but one analysis was 
ever made of the natural ocher, and though that suggested the desir- 
ability of further examination such has never been made. This is 
doubtless due to the ifact that whereas the yellow molybdic ocher is 
very widespread in its occurrence, it seldom occurs in sufficient quan- 
tity and of such purity as to warrant any chemical investigation. 
The writer was fortunate enough to receive a sample of supposed 
autunite from the Foote Mineral Co., of Philadelphia, which on inves- 
tigation was found to be molybdic ocher. As the mineral occurs in 
a pure state, some qualitative tests were made, and it was found that 
beside the molybdenum considerable ferric iron and water were pres- 
ent. The material was then examined under the microscope and 
found to be pure and especially free from limonite. Some artificial 
crystals of MoOj were prepared, and on comparing the two substances 
under the microscope such differences were found in their properties 
as to suggest that the mineral exandned was not molybdite, but a 
new species — a hydrated ferric molybdate. The investigation thus 
opened was extended, and through the generosity of several people it 
has been possible to make analyses of natural molybdic ocher from 
five localities and to show that the natural ocher is not M0O3, but 
Fe,0,.3Mo03.7iH,0. 

Hintze's summary of the literature on molybdite is so complete that 
only such points as bear directly on the question at hand will be men- 
tioned here. Owen * described a deep yellow iron molybdate from 
Nevada City, Cal., and W. J. Taylor * described a similar mineral 
from Heard County, Ga., but neither article contained quantitative 
data of any value. Owen found 35 per cent of Fe^Oj, but Genth • in 
a later publication made a determination on the same mineral and 
obtained 24.3 per cent Fe^O,. He says: "That which could be 
scratched off the quartz was not quite pure and contained a trace of 
limonite * * *. The sample exandned gave 24.3 per cent of ses- 
quioxide of iron, some of which was certainly mechanically mixed 

1 Proo. Acad. Nat. Scl. Philadelphia, vol. 6, 1862, p. 108. 

2 Am. Jour. Bel., 2d ser., vol. 19, 1855, p. 429. 
s Idem, vol. 28, 1859, p. 248. 
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mth it/' Yet it would necessitate a mixture of nearly one-third 
limonite to give 24.3 per cent FejO,, while according to Genth the 
sample only "contained a trace of limonite/' The analytical result 
was correct, but the interpretation wrong. The sample doubtless 
contained a trace of limonite, as the 24.3 per cent is slightly higher 
than the figure required for the formula Fe,05.3MoOj.7iH30, which 
gives 22 per cent Fe,Oj. 

PHYSICAL PROPERTIES. 
OPTICAL CHABAOTBBS. 

The mineral has a fibrous structure and also forms radiating groups. 
Its color is yellow and many specimens have a silky luster. All of 
the fibers examined give parallel extinction. The double refraction 
is strong and the direction of elongation is always an axis of minimum 
elasticity. The color of the mineral in transmitted light is pale yel- 
low. The pleochroism is strong but is masked by the very strong 
absorption. Normal to the elongation of the fibers the transmitted 
light is pale yellow; parallel to the elongation the color is a much 
stronger yellow. The absorption parallel to the elongation is so strong 
that thick fibers frequently appear almost black and opaque. This 
marked absorption is a very characteristic property of this mineral 
and can be used as a criterion for its determination. These same 
properties are mentioned by Lacroix^ for molybdite from Corsica. 

Crystals of MoO,, prepared by roasting molybdenite in an open 
crucible, show very decided diflFerences in their physical properties 
from those of the natural mineral. They are not fibrous, but platy 
and are colorless, nonpleochroic, and show no difference in absorption 
in different directions. 

PYBOGNOSTIO 0HABA0TEB8. 

On heating the mineral in a closed tube abundant water is easil}- 
given off and the mineral assumes a dark-oUve color; on further heat- 
ing it again becomes lighter in color. On heating the mineral in a 
crucible the color changes are very marked. At first the yellow 
mineral darkens and becomes a dark gray, appearing abnost black 
and with slight ohv6 tint, then it becomes a light yellow again, and 
on further heating changes to a deep-orange color. If the mineral 
now be allowed to cool the orange changes to yellow and back to 
orange again on reheating. If the dark-colored material be allowed 
to cool, it retains its dark-gray color and on reheating passes through 
yellow to the orange. On heating for some time at a higher tempera- 
ture, the mineral, on cooling, becomes a permanent bright green. By 



1 Lttcroix, A., MIntfralogie de k France, vol. 8, p. a 
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further heating all of the molybdenum is volatilized and the dark- 
red ferric oxide remains. The mineral is readily soluble in hydro- 
chloric acid, and is decomposed by ammonia, taking on a brown 
color (probably due to the separating ferric hydroxide). After a 
while, all the molybdenum of the mineral goes into solution, leaving 
the insoluble ferric hydroxide. 

DENSITY. 

The density of the powdered sample (No. 4, from Hortense, Colo.) 
was determined with a pycnometer, using 3 grams of material. The 
value obtained is 3.026. This is corrected on the basis of the fol- 
lowing composition: 

Mineral composition of sample ofmolyhdite. 

Molybdenite (density 4.7) 5. 60 

Silica (density 2 .66) 16. 51 

Molybdite (density 2.99) 77. 99 

100.00 

The corrected value becomes 2.99 in which, however, no allowance 
is made for the extraneous moisture. 

SOLTTBELITY IN WATEB. 

An experiment was made to determine approximately the solu- 
bility of molybdite m water. About 3 grams of the miueral were 
stirred in a beaker for a day with 760 cubic centimeters distilled 
water at room temperature (about 25^), and then filtered repeatedly. 
The final filtrate showed a very faint cloudiness. It was evaporated 
down in platinum, the residue dissolved in HCl and the iron precipi- 
tated as hydroxide with ammonia and weighed. The 760 cubic 
centimeters of water contained 0.0051 grams of FcjOj. On the 
assumption that this all came from the mineral, it is calculated that 
the solubility of molybdite in water is approximately 1 to 33,000 so 
that the mineral is rather insoluble. 

CHEMIOAIi ANAIiYSES. 
MOLYBDITE FBOM NEW HAMPSHIBE. 

The piu*est sample examined came from Westmoreland, N. BL, 
and was very kindly furnished from the Brush collection of Yale 
University by Prof. Wm. E. Ford. Nearly a gram of material was 
obtained and this was divided into portions of a quarter gram weight. 
Macroscopically the specimen looked more earthy and not so finely 
crystallized as those obtained from other localities, but imder the 
microscope it showed its characteristic optical properties, and was 
seen to be homogeneous, free from limonite, and to contala a 
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email quantity of molybdenite scales. The first figure given for the 
water content, 16.98 per cent, was obtained by weighing the water 
direct, using the method of glass tubes as advocated by Penfield. The 
other two figures represent the loss up to 200^, at which temperature 
all the water of the mineral is given off. The residue was dissolved 
in HQ, and after filtering off the insoluble matter the iron was pre- 
cipitated by ammonia, filtered off, dissolved in HQ, and reprecipi- 
tated and weighed, while hydrogen sulphide was passed into the com- 
bined ajnmoniacal filtrates until the characteristic red color was 
produced. The solution was then acidified with H3SO4 and after 
heating on the steam bath to allow the molybdenum sulphide to 
settle was filtered through a Gooch crucible. The sulphide was then 
dried, changed into the trioxide at a low heat, and weighed to con- 
stant weight. The filtrate from the molybdenum sulphide was made 
alkaline with ammonia, and hydrogen sulphide was again passed 
into the solution, which was then reacidified with H2SO4 and a small 
amount of molybdenum which had escaped precipitation in the first 
case was recovered. The filtrate on testing showed no more molyb- 
denum, neither was any residue found on evaporating it to dryness. 
Tests showed the absence of calcium and magnesium. The weighed 
iron oxide was fused with sodium bisulphate, and determined volu- 
metrically with a result that agreed with the gravimetric determi- 
nation. The results obtained are as follows: 



Analysis of molybdite from New Hampshire. 



H3O.... 

MoOs... 
Insoluble 



16.98 

21.08 

57.02 

4.66 



17.95 
21.07 
57.49 



17.93 



58.55 



Average. 



17.62 

21.08 

57.69 

4.66 



101.05 



Katioe. 



7. 43=7* 

1.00=1 

3.04=3 



The average analysis with the insoluble matter deducted and 
reduced to 100 per cent, is compared below with the figures calcu- 
lated for Fe^Os.SMoOs.TJHjO. 

Comparison of analysis with calculated values. 



A^nalysis. 



Calculated. 



HaO.. 
FejO,. 
MoOg. 



18.28 
21.87 
59.85 

100.00 



18.57 
22.01 
59.42 

100.00 
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This formula has been verified by the analysis of molybdite from 
Arizona by Guild.* Two analyses made by him are quoted below. 

Analyses of molybdite from Arizona (by Guild). 





1 


2 . 

1 


Insoluble residue 


4.86 

16.83 

20.88 

• 57.38 


2.66 
16.61 
21.18 
59.79 


Water 


Ferric oxide, FejOs 


Molybdic trioxide, M0O3 

Total 


99.95 


100.24 



The average of these analyses with the insoluble residue deducted 
and recalculated gave the following values. The ratios lead to the 
formula FejOj.SMoOa.THjO, which is half a molecule lower in water 
than the formula obtained by the writer. 

Recalculated analysis of molybdite from Arizona. 



Analysis. 


Ratios. 


17. 355 


7.06 
1.00 
3.09 


21.835 


60. 805 







H20.. 

FeA- 
M0O3. 



Partial water determinations were ipade on two samples of molyb- 
dite from New Hampshire, as follows, the amoxmt of water being 
represented by the loss in weight, the crucible being heated at the tem- 
perature given till 6 hours additional heating produced no difference in 
weight. 

Partial water determination. 

Per cent. 

Total loss up to 110° 14. 04 

Total loss up to 125° 15. 50 

Total loss up to 185° 17. 64 

Total loss up to 200° 17. 93 

MOLYBDITE FBOM OTHEB LOCALITIES. 

The quantity of material from other localities ^ was so small that 
exact values can not be expected, but the analyses all show a general 
agreement with the calculated values. The samples analyzed are 
as follows: 

> Guild, F. N., The composition of molybdite from Arizona: Am. Jour. Sci., 4th ser., vol. 23, 1907, 
p. 455. 

* The characteristic optical properties of the ferric molybdite were also determined on spcolxnens from 
Stanhope, X. J.; Gold Creek. Deer Lodge County, Mont.; Aldfield Township, Pontiac County, Quebec. 
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No. 1 is from TeUmide, Colo., and is from the sample furnished by 
the Foote Mineral Co., Philadelphia. 

No. 2 was very kindly furnished by Prof. A. J. Moses, of Columbia 
University, who states that the sample is probably from CaUfornia, 
though the locaUty is not certainly known. Two samples were sent; 
one yellow, which was seen to be pure, and one brown, which was 
seen under the microscope to consist of a mixture of the pure yellow 
mineral and Umonite. The appearance of this sample at once sug- 
gested that it was similar to one analyzed by Owen, which gave 35 
per cent FcjOj. It also showed the ease with which a mechanical 
mixture of molybdite and Umonite could be detected under the 
microscope. The opaque brown Umonite was scattered through 
some of the yellow molybdite and caused it to appear almost opaque, 
besides which there were numerous patches of earthy Umonite. This 
sample was not analyzed. 

No. 3 is from Renfrew, Ontario, and was very kindly furnished by 
Prof. C. Palache, of Harvard University. Most of the material is 
massive and appears earthy, though under the microscope it is 
seen to consist of minute fibrous crystals. The material did not 
look promising, but analysis showed values agreeing weU with the 
others. Owing to an accident only the iron and molybdenum could 
be determined. These values are not given. On one of the speci- 
mens sent by Prof. Palache there was a smaU amount of the finely 
crystalUzed fibrous material which seemed to be very pure. This 
was scraped off and analyzed, and though only about 50 milUgrams 
were available the results given under No. 3 were obtained. 

No. 4 is from Hortense, Colo., and was received through the kind- 
ness of Mr. F. L. Hess. The yellow mineral occurs in lumps, several 
of which are over 2 centimeters in diameter. With the molybdite 
are associated molybdenite, quartz, and mica.. The sample looks 
earthy, but under the microscope it is seen to be well crystaUized and 
shows the characteristic optical properties of molybdite as described 
earlier in this paper. A sample was selected as pure as could be 
obtained, but it was found on analysis to contain a large amount of 
insoluble matter. The powdered specimen caked together in the 
sample tube and probably contained some extraneous water. The 
analysis also showed too high a water content for molybdite. 
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The methods of analysis wera the same as those employed with 
the New Hampshire material. By heating in a closed tube to obtain 
the water, some of the molybdenite which was mixed with the mineral 
doubtless was oxidized to the oxide, thus increasing the amount of 
molybdenum present. The results obtained are: 

Analyses ofmolybdUe. 



No. 1, 

Telluride, 

Colo. 



H3O 1 15.8 

FeaO, 19. 

M0O3 1 59.3 

Insoluble | [5. 9] 



100.0 



No. 2, 

Call- 

fomia. 



15.4 
15.8 
47.7 
24.0 



102.9 



No. 3, 
Renfrew, 
Ontario. 



15.5 

17.3 

55.7 

9.4 



97.9 



No. 4, 

Hortenae, 

Colo. 



15.87 
15.95 
46.77 
22.01 



100.60 



By deducting the insoluble matter and calculating the analyses to 
100 per cent we obtain: 

Analyses of vnolyhdite with insoluble matter deducted and percentages recalculated. 





1 


2 


3 


4 


Calcu- 
lated. 


H20 


16.8 
20.2 
63.0 


19.5 
20.0 
60.5 


17.3 
1J>.6 
62.9 


20.19 
20.30 
59.42 


. 18.57 
22.01 
69.42 


FeoOa 


M0O3 


100.0 


100.0 


100.0 


100.00 


100.00 



The ratios of the above analyses are as follows: 
Ratios of analyses of molybdite. 





Fe^O,. 


HaO. 


MoO,. 


No. 1 


1.0 
1.0 
1.0 
1.0 


7.3 
8.6 
7.8 
8.8 


3.4 
3.3 

a5 

3.3 


No. 2 


No. 3 


No. 4 





The analyses agree sufficiently well to show that the mineral is 
imiform in composition and the analyses of the material from New 
Hampshire serve to estabUsh its formula. 

The insoluble residue in No. 4, consisting of 6.6 per cent MoS, 
and 16.5 per cent SiOj, was roasted in an open crucible to change the 
MoSi into M0O3 and then weighed. The oxide of molybdenum was 
then dissolved by HCl, leaving the siUca, which was tested with HF 
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for its purity. The detennination o& water was made in two ways — 
by loss in weight and by direct weighing. It was found that the 
water given oflF at 110*^ by heaflng the mineral in a glass tube in a 
toluene bath while a current of dryjdr was passed over the mineral 
and collecting and weighing the water (A, below) was considerably 
greater than the amoimt given off at 110° by heating the ipineral in a 
crucible in a toluene bath, determining the water by the loss in 
weight (B, below). The results are shown below: 

Water content of molyhdite. 





A 


B 


Amoimt given off at 110° 


13.77 
2.23 


11.39 
4.34 


Amount given off at 200° 




16.00 


15.73 



In considering the mode of formation of the hydrous ferric molyb- 
date (molybdite) it may be well to call attention to the fact that the 
interaction of molybdic acid, H2M0O4.H3O, on limonite may be 
written so as to yield a product with a formula that is identical with 
the new formula and which balances the equation: 

2Fe208.3H,0 + GCHaMoO^.H^O) = 2(Fe308-3Mo03.7}H30;. 

ARTIFICIAL MOLYBDITE. 

Chemical dictionaries mention but two hydrous ferric molybdates, 
neither of which is crystalline, and which approximate in formula to 
FeA^MoOs.TH^O and FeA-^MoOj.ieH^O. On adding a solution 
of ammoniiun molybdate to an excess of a solution of a ferric salt no 
precipitate is formed, but on reversing the process and adding the 
ferric salt to the ammonium molybdate a voluminous yellow precipi- 
tate appears. A precipitate thus prepared was air-dried for about a 
week and analyzed with the following results: 

Analysis and ratios of artificial ferric molybdate. 



FejOs 

MoOa 

HaO (by difference) 



Analysis. 



15.9 
61.6 
22.5 



100.0 



Ratios. 



1.0 

4.3 

12.5 



These results are between those of the two salts above quoted. It 
was found, however, that a large amount of free molybdic acid con- 
taminated the material, and the impossibihty of air-diying the non- 



Digitized by VjOOQ IC 



92 MINERALOGICAL NOTES — SERIES 1. 

crystalline mass sufficiently accounts for the high water content. It 
is therefore beUeved that neither of the two salts above mentioned 
and described in chemical dictionaries has any existence, but that 
they are mixtures of a salt of the formula Fe^Oj.SMoOj-f nHjO with 
molybdic acid and water. 

A prehminary experiment of heating precipitated ferric hydroxide 
and molybdic acid in the correct molecular proportions with an excess 
of water in a glass bomb failed to give any result. After heating to 
about 150° for several hours there was no indication of any reaction, 
and on higher heating the bomb exploded. 

An attempt was next made to crystallize the yellow amorphou!^ 
precipitate. The precipitate was heated with water in a glass bomb 
up to 180° to 200° for several days, and when examined was foimd to 
consist of a mass of fine yellow crystals and a greenish, amorphous 
mass. On shaking up the tube the green part settled very quickly 
and the minute yellow crystak settled so slowly that a nearly perfect 
separation of the two products could be made. The yellow crystal- 
hne part was examined under the microscope and found to consist of 
three products, all crystallized. The most abundant salt occurs in 
minute, pale-yellow tablets of quadratic outline. Some of them 
which seem to be isotropic have an octagonal shape suggesting com- 
binations of the cube and octahedron. They were too small to test 
for interference figures. The second most abundant salt occurs in pale- 
yellow, fibrous prisms and also in radiated, fan-shaped masses which 
show the characteristic absorption of the natural mineral and are 
probably identical with it. The third salt also occurs in prisms, 
which, however, are not fibrous, do not show any absorption, and 
seem to be colorless. They may be molybdic acid, but the first two 
salts are probably hydrated ferric molybdates. 

OCCURRENCE OF NATURAL TRIOXIDE OF MOLYB- 
DENUM. 

The existence of the trioxide of molybdenum (MoO,) as a natural 
mineral has not been demonstrated,^ and what is commonly believed 
to be M0O3 is shown to be a hydrated ferric molybdate, FcaO,. 
3M0O3.7JH3O. This composition for molybdite has been verified in 
the analysis by Guild. The occurrence in Texas of what has been 
supposed to be MoO„ and which has been so described, has been 
shown to be poweUite, and the Russian specimen supposed to be 
M0O3 is ako doubtless powellite. Until it is shown conclusively 
that an oxide of molybdenum does exist in nature, the name molybdite 
must be retained for the hydrated ferric molybdate. 

1 Lacroix found the molybdite from Corsica to contain iron and water. Miodralogie de la France, vol. 4, 
p. 296, 1910. 
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ANALYSIS OF TOURMALINE FROM ELBA. 

While the writer was analyzing a number of tourmalines from San 
Diego County, Cal., Prof. Clarke suggested that it would be advisable 
to analyze the pale-pink variety of tourmaline from the Island of Elba. 
Rammelberg's analysis of tourmaline from this locaUty indicated that 
this tourmaline was probably near in composition to one of the 
end products of the isomorphous mixtures which form the mineral 
tourmaline. A number of these crystals were purchased from the 
Foote Mineral Co., who wrote in regard to them: "All of these were 
seciu*ed in exchange from the late Prof. Bombicci, who collected them 
in Elba many years ago." The crystak were picked over and crushed 
to small fragments, after which each piece was examined under a 
hand lens and only the transparent pure material was selected. 
These were then washed with cold dilute HF to remove any albite, 
mica, etc., that might be adhering to the tourmaline. The sample 
finally powdered and analyzed was pure. The density of the mineral 
(determined by Thoulet solution) is 3.04-3.05, as the mineral sank at 
3.043 and floated at 3.050. The analysis is as follows: 

Arudysis and ratios of tourmaline from Elba. 



SiOj 

BoO, 

AI3O3 

TiA 

FeO 

MnO 

OaO 

NajO 

Li,0 

H2O 

M'g6rK;o. 



-0=F= 



Analysis. 
37. 89 


Ratios. 


0.632 = 4.00 ' 


1 10.28 


. 147 = 0. 93 1 


43.85 


2.5801 


i 


.04 


.002 




I -11 


.003 




i 11 


.003 


1 


.07 


.003 


U20. 08 « i 


2.43 


.079 




1.66 


.111 




3.47 


.386 




1 .10 


.005. 




None. 




100.01 


.04 




99.97 



o ThiRBe ratios give the hydrogen atoms equivalent to the metals. 

The ratios agree very well with those proposed by Penfield, namely, 
4: 1 : 20. A discussion of the results will be given in a later paper on 
the Cahfomia tourmalines, as at present it is only desired to place the 
above analysis on record. The state of oxidation of the titanium, iron, 
and manganese are given arbitrarily. 
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EVANSITE FROM TWO AMERICAN LOCALITIES. 
EVANSITE FROM IDAHO. 

Some specimens of evansite, reported as being found in the imme- 
diate vicinity of Goldburg, Idaho, were received through the courtesy 
of Mr. C. R. Potts, of that place. The massive amorphous mineral 
occurs in seams and is very brittle with a conchoidal fracture. Its 
hardness is about 3, and its color is generally brown, though it varies 
considerably. Some specimens are yellow, or wh^te, or dark red. 
The brown specimens very much resemble common brown opal. 

An analysis of the brown material gave the following results: 



Analysis and loss of water of evansite from Idaho. 


Analysis. 


Lobs of water 




HoO 


36.96 
19.14 

5.49 
34.48 

4.32 
Trace. 
None. 






PgOc 


Atl07'* 


20.00 
7.36 
3.13 
.94 
3.90 
1.61 


FeoO, 


175** 


ALO, 


255"* 


^fc. ..;::..:.. 


290* 


MeO 


To low redness 

Blasting 


F^;::::;;.;.:::: 




100.39 


36.94 



A determination (by means of Thoxdet solution) of the relation of 
the density to the amount of iron present gave the following values: 

Relation of density to iron content. 




By plotting these values it is found that the density of the mineral 
free from iron should be between 1.88 and 1.91, though this value 
does not necessarily represent that of pure evansite, as the material 
on which these determinations were made contains appreciable cal- 
cium. Forbes ^ gives the following determinations of the density: 



94 



> See literature at end of paper for reference. 
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DmsttieB ofevantiu, 

ColorlesB, translucent L 822 

ColorlesB 1.872 

Faint yellow 2. 099 

Semiopaque 1. 965 

The average of these densities is 1.939, though possibly the lowest 
figure more nearly represents the density of the pure mineral. Smith 
gives the value 1.842 as the density of colorless to milky white, trans- 
lucent material.* Kovar gives for white 1.874 (0.87 per cent FcjOj), 
and for yeUow 1.937 (1.92 per cent FcjOg). These values give an 
average for all the determinations of 1.93, and an average of the 
lowest values, representing possibly the purer mineral, gives 1.86. 

A determination by F. E. Wright of the index of refraction of 
the colorless evansite from Idaho gave 1.485, the index for the colored 
varieties not varying more than 0.01 from this value. 

EVANSITE FROM AI^ABAMA. 

The second sample was received through Prof. Clarke from Mr. 
Charles Catlett, and the locality is given as *' from the coal seam just 
west of Columbiana, Ala." It is associated with coal, shows a light- 
yellow color with a resinous luster, and is transparent in small pieces. 
It is very brittle. An approximate analysis serves to identify the 
mineral, the phosphoric acid being determined by difference. 

Analysis of evansite from Alabama. 

AlaO, 38.33 

CaO 1.03 

MgO 75 

Loss on ignition 38. 19 

PaOfi (by difference) 21. 70 

100.00 
IJ?rERATIJRE. 

1864. Forbes, D., Phil. Mag., vol. 28, p. 341. 

1883. Woodward, A. S., Min. Mag., vol. 5, p. 333. 

1893. Smith, H. G., Proc. Roy. Soc. N. S. W., vol. 27, p. 382. 

1896. Kov4f, Ft., Abh. Bdhm. Akad., vol. 15, p. 1. 

1896. Petterd,' W. F., Cat. Min. Tasmania. 

1902. Petterd,* W. F., Papers and Proc. Roy. Soc. Tasmania, pp. 18-33. 

1902. Kietschner,' F., Jahrb. K.-k. geol. Reichsanstalt. 

1903. Vemadsky, W., and Popoff, S., Centralbl. Min. Geol., u. Pal. p. 331. 

1 Wrongly giyen as 1.939 In Dana's App. U, p. 26. 

s These roXerenoes only mention tiie ooourrence of evansite. 
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MANGANOTANTALITE FROM MOUNT APATITE, MAINE. 

The crystals here described were received from Prof. Palache, 
who suggested that they were manganotantaUte. They are associated 
with the minerals characteristic of these lithium-bearing pegma- 
tites, as albite, lepidoUte, etc. Most of the crystals are small, sev- 
eral millimeters in length, and are tabular to the a face (Dana's 
orientation). The specific gravity was determined as 7.14, show- 
ing that in these crystals the tantalic acid largely predominates 
over the columbic acid. A partial analysis showed further that iron 
was almost entirely absent, so that the crystals may well be termed 
manganotantalite. The analysis gave the following results: 

Analysis of manganotantalite from Mount Apattte^ Maine. 

Ki -» 

FeO 16 

MnO (by difference) 14. 49 

100.00 

The forms present are: 6{010}, a{100}, c{001}, m{110}, flr{130}, 
/{320}, 2{530}, d{730}, ^{103}, i^{133}, n{163}. The angles 
measured are shown below. Most of the faces were dull and gave 
poor reflections. 

Forms and angles for m/mganotantalite. 



Symbol . 



Measured. 



Calculated. 



j bAm =(010) : (110) ! 

' bAg =(010) : (130) 

I bAz =(010) : (530) j 

; bAd =(010): (730) j| 

I cA* =(001) : (103) I 

; bAn =(010): (163) ' 

, nAn^^^=(163) : (163) ' 

: nAn' =(163) : (T63) ' 

; bAu =(010): (133) 

I uAw'''=(133) : (153) 

uAW =(133) : (133) 



96 



a Approximate. 



50 28 

21 27 

63 10 

70 15 

70 06 

19 38 

30 
«118 

a 22 

50 45 

81 15 

30 04 



60 22 

21 55 

63 34 

70 27 

19 42 

30 50 I 

118 20 1 

19 54 I 

50 03 ' 

79 54 I 
I 

29 57 i 
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Measurements for the prism j {320} are as follows: 
Meamirements ofj {320}. 



Crystal 


Size of face. 


Reflec- 
tion. 


Symbol. 


Measured. 


Calcu- 
lated. 


1 

2 

2 

3 

4 


Narrow 

Broad 


P- 
P' 

% 

9- 


110A320 
010A320 
S20A320 
010A320 
010A320 


o / 

9 39 
61 21 
67 12 
61 12 
61 13 


o / 

10 44 
61 06 
57 48 
61 06 
61 06 


Broad 


Broad 


Broad 





The faces of (133), (100) are large, those of (163), (103), (110), 
(320) are sma)l, and most of the others are very narrow faces. 

99946*—Bull. 490—11 1 
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ZINNWALDITE FROM ALASKA. 

The occurrence of zmnwaldite with cassiterite and topaz in the 
York region, Alaska, has already been mentioned ^ and the results 
of a quantitative analysis of this mica are here presented. The 
axial angle, 2E, for sodium light, was measured 49° 29'. The sample 
analyzed was probably fairly pure. 

Analysis of zinnwaUHUjrom Alaska. 



8iO.. . . 

MnO... 
CaO. . . . 
NajO. . . 
^.... 
Li,0. . . 
H,0.... 
F 

-0=2F 



Analysis. 



46.80 
24.50 

.50 
6.35 
1.38 

.24 
1.73 
9.20 
3.73 

.88 
8.63 



103.94 
3.63 



100.31 



Ratios. 



.775 

.240 

.003 

.088 

.019 

.004 

.033 \ 

.098 / 

.124 

.098 \ 

.454 / 



775 
243 

111 

131 
124 
552 



In the ratios, the soda and potash are taken together and the 
small amount of water present is considered as hydroxyl and added 
to the fluorine ratio. The empirical formula gives: 

The total oxygen is very slightly greater than three times the 
silica, the ratio O : Si beiijg 3.06 : 1. The mineral is therefore con- 
sidered as a metasilicate and the formula may be written 

(Si03),„(AlF3),^K^M,,FeH,(A10)^Al,e« 
or 

(Si03),,(AlF3)^.,,K'^o«Li\s,Fe-,.„(A10)'^,Al'",.„ 



1 BuU. U. 8. Geol. Survey No. 202, 1905, p. 129. 
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SOME NEW FORMS OF CALCITE CRYSTALS. 
CAIiCITB FROM ANBREASBERO, GERMANT. 

Several specimens of calcite labelled "Andreasberg, Harz Moun- 
tains/' were purchased from a local mineral dealer. One specimen 
shows laige tabular crystals with only the base efOOOl} and prism 
m{10T0}. Other specimens consist of groupings of tabular crystals 
which are somewhat unusual in their combinations. These tabular 
calcites are arranged in superimposed parallel or nearly parallel 
groupings forming vertical columns several centimeters long, the 
individual crystals being up to 13 millimeters wide and 5 millimeters 
high. The dominant forms on these crystals are the base c{0001} 
and prism m{10lO}; but characteristically all of them also show the 
new prism i{7.6.T3.0} as narrow rounded faces. Very narrow faces 
of 8{05Sl} and minute faces of t;{2l3l} are present in numerous spec- 
imens. Some of these crystals, which seem to be single, show an 
easy parting parallel to the base and may be built up of many thinner 
tabular crystals in parallel position. Associated with these calcites 
are niunerous fourlings of harmotome. 

Measurements of the ^ angle for «{055l} varied from 78® 38' to 
78° 47'; calculated, 78° 32'. 

The dihexagonal prism faces are bright, but rounded, so that no 
accurate measin^ments could be made. They gave, however, a 
bright signal in the mass of reflections caused by the rounded sur- 
faces and the measurements given below were of this bright signal. 
The faces were seen to be in the prism zone mm' and therefore could 
not be scalenohedrons with complex indices. 

MeaauremenU o/f{ 7.6.13.0}. 





4> 


Measured 


o / 

27 34 
27 20 
27 32 
27 37 


Do 


Do 


Do 


Average 


27 31 
27 27 


Calcumted 





This prism face is present on all of the crystals, but on few of them 
is suitable for measurement. The results given were all obtained 
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FiQUBB 8.— €aloite from 
Qermany. 



from one crystal. It seems strange that this form lias not been 
described before — at least the writer could find no mention of it in 
the Uterature — as the specimens are supposed to have come from a 
locality well known for its calcites. 
It hardly seems correct to r^ard these prism faees as corrosion 
forms or other secondary formation. Though 
the base and prism faces on these calcites 
are dull they do not ^ow any definite signs 
of etchi^ and though the new prism faces 
are rounded they are considered as bdong- 
ing to a well-established form for CfUcite. 
As stated, the form occurs on all of the 
crystab and all 12 of the facet are present 
on each ciystal. These crystals are shown in figure 8. 

CAIiCITE FROM ENOIiAND. 

The crystals here described are from a group containing individual 
crystals the largest of which measures 4 by 2 centimeters. The exact 
locality is not known. The crystals have a trigcmal habit due to the 
predominance of a steep negative rhombohedron. The forms pres- 
ent on these crystals are: r{10Tl}, Ar{40il}, ij{505l}, r{606l}, 
o{11.0.IT.2}, 6{0112}, /{0221}, d{088l}, C^{0.13.IS.l}, n{4l53}, 
flf{7255}, w{31i6}, t>{2l5l}, r{53g2}, l/{325l}, and a new form 
}t{4.20.^.7}. The following table gives the average of the measured 
angles compared with the calculated values: 





Form$ and angles of caldUjrom 


England. 








Number 


Measured. 




Gftlculated. 


Letter. 


Symbol. 


mMs- 


















■ • 






ured. 


<!> 


P 




^ 


P 








o / 


o 


/ 


o / 


o / 


M 


ACiil 


3 


02 


75 


48 


00 


75 47 


Tf 


5051 


2 


02 


78 


11 


00 


78 32 





11. 0.11. 2 


1 


12 


79 


35 


00 


79 33 


y 


60B1 


2 


02 


80 


11 


00 


80 24 


e 


0112 


2 


00 


26 


15 


00 


26 15 


s 


0221 


5 


00 


63 


07 


00 


63 07 


d 


0881 


4 


00 


83 


01 


00 


82 46 


c 


0. 13. 13. 1 


1 


12 


85 


30 


00 


85 32 


n 


4153 


1 


10 55 


56 


22 


10 54 


56 26 





7295 


3 


12 22 


58 


22 


12 13 


58 14 


w 


31i5 


2 


14 25 


35 


05 


13 54 


35 25 


V 


2131 


2 


19 07 


69 


10 


19 07 


69 02 


r 


5382 


8 


21 43 


74 


28 


21 47 


73 51 


y 


3251 


2 


23 21 


77 


02 


23 25 


76 54 


V 


4. 20, 2i. 7 


13 


8 56 


72 


09 


8 57 


72 20 
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The indices of the form above referred to as ff {4.20.21.7} could 
not be^^nitely determined. Many faces of this form are present on 
these ^^stals; in fact the form is characteristic for this group, as it 
is prdent on all the crystals. But it is always roimded and uneven, 
and will give when mounted on the goniometer either a group of 
reflections or else two or three distinct signals. The various meas- 
urements for this form are as follows: 



MeaguremerUs o/p {4.20.23.7}. 



Crystal 


Size of 
face. 


Num- 
ber of 
signals. 


Reflec- 
tion. 


* 


P 


Signal. 


1 
1 

1 

1 
2 
2 
2 
2 

2 

3 

3 
3 
3 


Minute... 
Small.., 

...do 

...do 

Minute... 

Small. . . 

...do 

...do 

Minute... 

Small. . . 

...do 

Minute... 
Small. . . 


2 
3 

3 

3 

1 
3 

3 
2 

2 

2 

1 
1 


'/■ 
'/■ 

p. 

P- 

P- 

I P- 

( ^- 

P' 

^^ 

P- 

?: 

\ P' 
P' 
p. 

I P' 
P- 
P- 
P- 


O / 

8 17 
6 20 
• 8 23 
8 20 
8 23 
8 48 

8 26 

9 01 
8 23 

8 46 

9 06 

8 54 

9 13 
8 52 

8 15 

9 56 
10 19 

9 24 

10 17 

9 16 

8 37 

8 44 

9 23 
9 07 

8 34 

9 15 
8 48 


o / 

72 08 
71 36 

71 40 

72 08 
71 15 
71 59 

71 31 

72 19 
71 40 

71 05 

72 19 
72 15 
72 17 
71 58 

71 30 

72 20 

73 23 

72 04 

73 43 
72 41 
71 48 

71 56 

72 38 
72 38 

71 58 

72 36 
72 51 


Distinct. 
Vwy feint. 
Distinct. 
Very faint. 

Do. 
Distinct. 
Very faint. 

Do. 
Distinct. 

Do. 

Do. 
Very faint. 
Distinct. 
Very faint. 

Do. 
Many. 
Very faint. 

Do. 

Do. 
Distinct. 
Very distinct. 
Distinct. 

Do. 

Do. 

Do. 
One distinct. 
Distinct. 



Average of measurements of 13 faces : ^ = 8*" 56', ^ = 72** 09'. Cal- 
culated, ^ = 8° 57', ^ = 72° 20'. 

An average of the values with '* signal distinct" is ^=»8** 45', 
/)«=72° 11', or nearly the same. 

Although these measuretnents are near to the angular values of 
the simple form {1552}, which are ^=-8° 57', ^«70° 00', the p angle 
is sufficiently different to preclude their reference to this form. If 
we take the average measured value, ^==8° 56', /o = 72° 09', we find 



Digitized by VjOOQ IC 



102 MIKEBALOOICAL NOTES — 6EBIES 1. 

that the ratio h :Jc^ I: 5 (<f> calculated > 8^ 570i and the ratio 
i : Z- 3.392, which gives as the indices 1.5.5.} or 4.20.21.7, which 
are not especially complex and the calculated angles for which are 
^=»8° 57', p^72^ 20', agreeing fairly well with the average of the 
measurements given above. The above detailed description is given 
in order to call attention to these tiigonal calcites in the hope that 
some one may find a similar group having this new form which will 
admit of an accurate measurement whereby the symbol of the form 
may be definitely determined. 

A single minute face of (7{0.13.T3.1} was noted and this was poorly 
developed, giving a poor reflection. Sansoni^ gives this form as new 
and it is also described by Hdfer^ as new, being determined by zonal 
relations, but it is considered as doubtful by Croldschmidt,' he sug- 
gesting that the correct symbol may be {0.14.11.1}, though Sansoni'a 
measurements, like the writer's above, agree well for {0.13.T3.1}. 
Figure 9 shows one of the smaller crystals of this group with the 
important forms developed at one comer. As shown in this figure, 
the combinations vary at similar crystallographical places, being 





FiouBB 9.— Calcite from England. Fioxtbb 10.— Cakslte from England. 

much simpler at some comers than at others. Though all the inter- 
section lines are here drawn straight, many of them are considerably 
curved on the crystals, especially on the larger ones, which moreover 
show a much simpler combination than the smaller ones. Figure 10 
shows the appearance of the larger crystals. 

1 Zeltsohr. Kryst. Min., vol. 10, 1885. p. 564. 

« Min. pet. Mitt., vol. 12, 1801, p. 487 (Ref. Zeitschr. Kryst., vol. 24, p. 481). 

* Index der KrystaUlormen der MlPftralieJi, vol. 1, 1886, p. 388. 
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CALCITE FROM SAN FRANCISCO, CAL. 

The crystals here described were collected by the writer some years 
ago. They occurred in cavities in what seems to be an altered 
rock near Fort Point, San Francisco. They 
were found in the same locality which has 
furnished pectolite and datolite* as well as 
apophyllite and gyroUte,^ though the crystals 
here described were not found directly asso- 
ciated with any mineral other than quartz. 
The crystals are of the common scaleno- 
hedral (v) habit of calcite with e and r as 
termination, and often reach a size of several 
centimeters. They differ somewhat from the 
ordinary calcite crystals in that the form 
IT {5382} is almost always present as a very 
narrow face below v and minute faces of 
iV^{4. 16.50.3} are also almost always present. 
One single crystal, colorless and transparent 
and about 4 millimeters in diameter, showed 
some differences from the other crystals and 
was therefore measured. The essential differ- 
ence was that the e faces were replaced by 
two faces of y:{2Z5S}, the e faces being 
entirely absent. In addition a new form in 
the zone re was noted. The forms present 
on this crystal are: r{10ll}, t;{2l3l}, 
r{53g2}, i/:{2358}, iV{4.16.50.3}, and the new FiopBE ii.-caicite from cbh- 
form k{ 1.6.7.13}. The average measured '^'^ 

angles are compared with the calculated ones in the following table: 






FoTTM and angles of calcite from San Francisco, Cal 










Num- 


Measured. 


Calculated. 




Letter. 


Symbol. 


ber 
meas- 






















ured. 


^ 


P 


* 


P 








o / 


o / 


o / 


o 


/ 


V 


2131 


2 


19 04 


69 04 


19 07 


69 


02 


r 


5382 


2 


21 42 


74 13 


21 47 


73 


51 


^ 


2358 


6 


23 22 


28 19 


23 25 


28 


15 


4.16.25.3 


4 


10 55 


80 32 


10 54 


80 


35 


k 


1.6.7.13 


3 


7 31 


26 27 


7 35 


26 


27 



Only three faces of the new form are present. They are all narrow 
and bright, but striated Uke almost all the faces in this zone. This 



I BuU. Dept. Geol., Univ. Cal., 2, No. 10, 1901. 
s BaU. U. S. Geol. Survey No. 262, 1906, p. 124. 
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striation caused the reflections, particularly the first one, to broaden 
out so that accurate measurement was not possible. The three 
measurements are: 

Angle values for k{1.6.7.13}. 





<}> 


P 


Calculated 


o / 

7 35 

7 57 
7 04 
7 01 


o / 

26 27 

26 34 
26 24 
26 24 


Measured: 

(1) 


2 . . 


hi: 






The form is considered to be well established. It is shown in fieure 
11, which illustrates the ideal combination found on the crystal 
measured. 

CAIiCITE FROM HTLIiSBORO, N. MEX. 

These crystals were recdived from Mr. C. H. Gordon, the locaUty 
being Macey's mine, 2 J miles east of HiUsboro, N. Mex. They are 
loose crystals, a centimeter thick and some- 
what longer, and are associated with laige end- 
lichite crystals. Many of the calcite crystals 
have partially adhering white or pink gangue. 
Almost all the crystals, generally doubly termi- 
nated, show only the prism m{10lO} and the 
n^ative rhombohedron «{0lT2}. The e faces 
are striated parallel to their intersection with r, 
and the prism faces are covered with triangular 
markings or etch figures. These tritmgular 
markings always point toward the e face, the 
base of the triangle being nearest the r face. 

Two crystals showed considerable diflferences 
from the others and were therefore measured, 
the results being given below. Crystal No. 1 is 
prismatic, 12 millimeters long and 4 millimeters 
thick, colorless, and transparent. It is shown 
in figure 12, which represents the crystal as it 
actually is, except that the narrow scalenohedra in the zone r e 
are not shown. The forms present on this crystal are: m{10lO}, 
a{ll20},r{10ll}, Jf{40ll},co{28.0.2g.l},6{01l2},t(?{31i5},^{5279}, 
t{2l34}, v{2l3l}, and the new form l{3.10.13.3}. 



FiQUBB 12.— Calcite from 
New Mexico. 
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Measured. 


Calculated. 


Letter. 


Symbol. 


Number 
measured. 
























<!> 


P 


4> 


P 








/ 


o / 


o / 


o / 


r 


lOll 


3 


01 


44 36 


00 


44 36 


M 


40il 


3 


01 


75 44 


00 


75 47 


0) 


28.0.2S.1 


3 


01 


87 48 


00 


87 55 


e 


0112 


1 


05 


26 16 


00 


26 15 


w 


31i5 


1 


14 08 


35 20 


13 54 


35 25 


G 


5279 


2 


15 56 


34 27 


16 06 


34 23 


t 


2154 


1 


19 55 


32 67 


19 07 


33 07 


V 


2131 


4 


19 06 


69 07 


19 07 


69 02 


I 


3. 10. 13. 3 


2 


12 56 


75 33 


12 44 


75 31 



For the new form 1{3.10.T3.3} only two faces are present, both of 
which gave poor pfeflections, one much poorer than the other. The 
one givmg a poor but distinct signal, measured ^ -= 12° 54' (calculated, 
12° 44'); ^=75° 36' (calculated, 75° 31'). 

The limits of repeated measurements of these two faces gave: 

Angle values for i {340.13.3}. 





* 


P 


Calculated 


O / O / 

12 44 

12 42 to 13 03 
12 24 to 18 17 


/ o / 

75 81 

75 30 to 75 36 
75 29 to 75 36 


Measured: 

(1) 


2....:::.:.... 


Average 


12** 56' 


75° 33^ 



The form was seen to lie in the 2one r m, and measurement of the 
angle (lOTl) : (15.10.3.3) gave 50° 35' (calculated, 50° 16'). The 
form, considered as well established, is shown in figure 12. 

Crystal No. 2 k incomplete and as now formed nearly equidimen- 
sional, measuring a centimeter in diameter. It is colorless and 
though in part transparent is cloudy and translucent in other places. 
The forms present on this crystal are: m{10T0}, r{10Tl}, €{0lT2}, 
/{0251}, and the three new forms o{0.14.Ti.l7}, (?{8.2.m3}, 
q{2.16.T5.1} of which the latter is doubtful. The angular values 
are given in the table following. 
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Measured. 




Calculated. 


Letter. 


Symbol. 


Number 
measured. 
























^ 


P 


<f> 


P 








/ 


o 


/ 


o / 


o / 


r 


1011 


1 


29 


44 


56 


00 


44 36 


e 


0112 


3 


' 00 


26 


15 


00 


26 15 


/ 


0221 


2 


00 


63 


33 


00 


63 07 





0. 14. Ii.l7 


3 


00 


39 


02 


00 


39 05 





8. 2. m 3 


2 


10 29 


70 


58 


10 54 


71 38 


*I 


2. 16. 18. 1 


4 


5 43 


86 


33 


5 49 


86 36 



The large faces of (?{8.2.T0.3} are dull and give no distinct signal, 
only a blaze of light. Two faces were measured with the following 
result: 

Angle values for 0{8.2.i0.3}. 



Calculated 
Measured: 



* 



10 54 

, 10 21 
10 36 



o / 

71 38 

71 07 

70 48 



Although the faces are dull and give no distinct reflections the 

measurements serve to fix the indices, 
and as the form occurs in large plane 
faces it is considered as well established. 
The corresponding negative scalenohe- 
dron B{2.8.T0.3} has been noted a 
number of times. 

Measurements for the form 
o{0.14.Ti.l7} are as follows, the faces 
being bright and giving fairly good re- 
flections: 

The angles between the three faces of this form and e were meas- 
ured. 




FioXTBB 13.— Caloite from New Mexico. 



{0.14.11.17} : {01l2}=12*» 52^ to W 53'; therefore /)=39*» 07' to 39*» 08'. 
{0.14.11.17} : {0112} =12^ 44' to 12*» 45'; therefore /o=»38** 59' to 39^ 00'. 
{0.14.11.17} : {01l2}=12^ 43' to 12^ 44'; therefore /o-38^ 58' to 38^ 59'. 



Average (^)=39** 02'. 
Limits, 38*» 58' to 39^ 08'. 
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The only form for which the angle agrees is the complex one 
{0.14.T4.17}. Two simple forms which approximate to {0.14.Ti.l7} 
are given in the table below, but, as can be seen, neither is suffi- 
ciently close to the measured values. 

Calculated for {0556}, /o=39*» 25^. 
Calculated for {0.9.5r.ll}, /o=«38*» 54^ 

Four faces of the form q {2.16.TS.1} are present, the remainder of 
the crystal having cleaved off. Though all the faces are bright, they 
are very rounded, and in some cases form with m {lOTO} a rounded 
surface. They gave, however, a bright signal in the midst of the 
mass of signals caused by the roimded surfaces, and it is these single 
bright signals that were measured. 

Angle values for ji{2.16.18.1}. 





* 


9 


Calculated 


o / 

5 49 
5 48 
5 31 
5 54 
5 37 


o / 

86 36 
86 39 
86 27 
86 33 
86 33 


Measured 


Do 


Do 


Do 


Average 


5 43 


86 33 





Measurements of the prism face (in zone cem) gave /) = 89° 58' 
instead of 90° 00'. While the above measurements agree very well 
with the calculated angles, the form can not be considered as deter- 
mined, for it is too rounded. It must be classed as a doubtful form. 
The forms are shown in figure 13, an attempt to show the crystal 
as it actually is. 

CAIiCITE FROM lilNCOLN, R. I. 

The crystals here described were received from Mr. A. L. Stevens, 
of Providence, R. I., and the locality is given as Dexter Ume quarry, 
Lincoln, R. I. For the kindness of Mr. Stevens in sending the 
specimens the writer's thanks are due. The crystals are on lime^ 
stone and are associated with a pearly mineral forming almost color- 
less spherulites which have become brown on the surface. Other 
specimens show ''nacrite" a talcose or micaceous mineral, quartz 
in flattened crystals, and curved rhombohedra of dolomite. 

The calcite is found in three types of crystals: (1) Simple rhombo- 
hedra r{10Tl}, abundant; (2) crystals apparently prismatic, and 
more fully described below; (3) scalenohedral crystals showing large 
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faces of t;{2l3l}, but the crystals were so rounded that no measure- 
ments were made of them. Those of the second type are found on 
the rhombohedra of the first type and are not over several millimeters 
long, and the simple rhombohedra are seldom over a millimeter thicL 
Though the rhombohedral crystals are generally smooth and bright, 
those of the second type are very much etched and roimded, making 

it difficult to obtain satisfactory readings. 
The crystals have a prismatic appear- 
ance due to the presence of the negative 
rhombohedron F{0.17.T7.1}, and a form 
vicinal to a{ll20}, and having the ap- 
proximate symbol t{17.16.55.1}. No 
prism faces were noted on the single 
crystal measured. The forms present 
are: €{0lT2}, e{01Il}, r{0.17.T7.1}, 
fif:{11.8.m3}(?) 1{17.16.53.1}(?). The 
faces of most of these forms were so 
poor that the correct symbols could not 
be definitely determined. Figure 14 
shows the general appearance of the 
crystal except that while the intersection 
of two faces is here shown as a straight 
line on the crystal they are frequently 
curved and rounded. The crystal was set in polar position by means 
of the e faces, and the other forms gave the following measurements: 
£{OlTl}: p calculated = 44° 36'; p measured-47° 53', 45'* 45', 
42° to 45°. All faces gave a mass of signals. 

r{0.17.r7.1}: ^calculated = 86° 35'; ^measured -87° 07', 86° 12', 
86° 45', 86° 16', 86° 30', 86° approxunately.' All faces gave merely 
a mass of brightness, and the angles measured represent the oenter of 
this mass. 

MeaawrtmenU of S : {11.8.19.3}. 



i 



Fiovss 14.— Oalcite from 
Bliode Island. 





* 


P 


Calculated 


o / 

24 48 

25 16 
25 35 


o / 

79 34 

78 42 
78 05 


Measured 


Do 





The agreement is only approximate, but the faces were so poor 
that only two out of the six could be even approximately measured. 
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* 


P 


calculated 


O / 

28 59 

29 27 

28 41 

29 21 
28 26 


o / 

87 58 

88 08 
87 51 
87 21 
87 28 


Measured 


Do 


Do ^.... 


Do 





Here again the symbol is only approximate. If we change the 
orientation of the crystal to that given by Goldschmidt in his 
Winkeltabellen the indices of this last form become {49.1.S0.1}, and 
it is not possible to say they should not be, for instance, {50.1.51.1}, 
etc. Even in the orientation here taken, the average of the four 
measured angles agrees well for a number of forms. 

Meatured and calculated angles oft. 





* 


9 


Average of 4 measured angles 

Calculated for 17.16.33.1 

Calculated for 16.15.31.1 

Calculated for 15.14.25.1 


o / 

28 59 
28 59 
28 56 
28 52 


o / 

87 42 
87 58 
87 50 
87 41 



However, though the correct indices could not be determined, we 
have here a form with indices near one of those given above and still 
too far removed from the prisma {1120} to be referred to that form. 
The writer could find no form for calcite approximating that just 
given, and the form would seem to be new, though it can not be 
definitely determined. 
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